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CITRUS AND SUBTROPICAL FRUITS 
Chapter 12—Part II 


FoREWORD 


This chapter consists principalyy of reports on research work with 
citrus and subtropical fruits classified under the three broad divisions 
of production, utilization, and marketing. Under production are 
placed the reports dealing with cultural practices, breeding and im- 
provement, and disease and insect control; under utilization those 
concerned with fundamental studies as well as those designed to de- 
velop new and expanded uses *: human food, for industrial utilization 
or for livestock feed; under marketing those concerned wtih handling, 
transportation and storage, consumer preferences, commodity and 
product competition, costs and margins, and regional marketing re- 
search. 

Cross references are listed at the end of each of the three divisions. 
They point out sources of other information in part II directly con- 
cerned with citrus and subtropical fruits or which is of possible value 
to those interested in these commodities. These references provide 
the basis for a more comprehensive picture of the Department’s work 
with citrus and subtropical fruits. 
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A. PRODUCTION 


Cirrus Fruir Propucrion, Diseases, AND IMPROVEMENT 


(BPISAE—b—2-1—-F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop and test production principles and methods and 
varieties that will contribute to the sound development and > onomic 
stability of the citrus industry in the United States, and (2) answer 
some of the most pressing problems and needs of this rapidly changing 
industry. During the last decade, the United States citrus industry 
has seen a large expansion in acreage and production, several very 
damaging freezes, and a phenomenal increase in both the volume and 
proportion of fruit marketed either canned or as frozen concentrate, 
and has been ravaged (in California) or threatened by a serious virus 
disease affecting several common varieties on certain rootstocks. 
Thus the industry is continually faced with new problems and the 
need for new research to meet the changing conditions. Three major 
lines of work are currently being emphasized: (1) Disease identifi- 
cation and control, (2) development of improved varieties and 
rootstocks, and (3) development of new or improved cultural 
practices. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-1-1—Breeding of citrus fruits to improve quality, production, 
hardiness, and disease resistance. The hybrids produced will be tested 
and selected with a view to obtaining varieties having certain juice 
qualities desired by the frozen concentrate or canned juice manufac- 
turers. Others will be selected as more attractive varieties of better 
dessert quality for the fresh-fruit trade. 

b-2-1-2—-F actors affecting set of citrus in the Southeast. To deter- 
mine the possibility of influencing fruit set and fruit drop by means 
of pollination studies, hormone sprays, and other treatments. 

b-2-1-8—Citrus propagation and rootstock investigations. Exten- 
sive field trials of a large number of citrus varieties and species as 
rootstocks are being conducted in Florida and Texas to obtain under- 
stocks better adapted to various soil conditions, more resistant to 
root and virus diseases, and producing higher yields of better quality 
fruit. 

b-2-1-5—The relation of cultural treatments and environmental 
factors to production of citrus on the irrigated soils of the Southwest. 
Several irrigation procedures are being compared with the objective 
of establishing principles on which to Sone improved irrigation prac- 
tices for citrus growing in the desert regions of the Southwest. 

b-2-1-6—Fertilizer and soil management requirements of citrus. 
To secure fundamental information essential to the development of 
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sounder, more economical fertilizer and soil management practices 
for citrus culture in the United States. 

b-2-1-7—-Citrus tree diseases. To determine their cause and the 
factors governing infection and spread, and to devise and improve 
control measures. Most of this work is concerned with causes and 
control methods of root-rot diseases of citrus and the development of 
improved control measures for citrus melanose, a disease that dis- 
figures the fruit and predisposes it to decay after harvest. 

b-2-1-9—Investigations of tristeza disease. To develop informa- 
tion concerning the cause, method of transmission, suse eptibility of 

various rootstocks and scion varieties, and possible control measures 
of a devastating disease of citrus in South America known as tristeza, 
and which is quite similar to a disease called quick decline in vs 
fornia. The work is being conducted in Campinas, Brazil, in cooper: 
tion with Brazilian scientists of the Instituto Agronomico. 


C. HISTORY AND EVOLUTION OF THE WORK 


Work was begun by the United States Department of Agriculture 

on citrus diseases and breeding in Florida before 1900. During the 
early years it concerned mainly interspecies hybridization for im- 

provement in color, flavor, and other qualities. Also, the identification 
of diseases and their causes, recommendations for their control, and 
the development of resistant varieties was begun. Bud selection 
studies for citrus fruit improvement were first started by the Depart- 
ment in California in 1909. 

After World War I the citrus industry in Florida expanded rapidly 
onto new types of soil, and was beset with fertility problems. As a 
result, work was begun in 1926 on the fertilizer requirements of 
citrus. Similarly, growing irrigation problems in citrus orchards of 

California prompted the initiation of irrigation studies in California 
has 1936. More recently, the threat of the dreaded tristeza disease 
of citrus in South American and other citrus-growing countries caused 
the allocation of funds to study this disease in Campinas, Brazil, in 
cooperation with the Brazilian Government, and to initiate “insur- 
ance” studies to test resistant stocks for commercial suitability in the 
United States. 

D. FUNDS—ANNUAL EXPENDITURES 


It is estimated that from before 1900 through World War I $10,000 
to $15,000 was spent annually for the disease and breeding investiga- 
tions with citrus. After World War I about $30,000 a year was added 
for citrus canker research in Florida and variety improvement in 
California. Since that time certain projects have been completed and 
others undertaken as authorized to meet new problems and the grow- 
ing needs of the industry, so that by 1950 the annual allotment for 
citrus production research had gradually increased to $101,520. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


The de velopme nt of a supe rior dessert quality group of citrus vari- 
eties known as tangelos by hybridization of grapefruit with tanger- 
ine, has resulted in the pl: inting of considerable commercial acreage 
of such USDA tangelo varieties as Thornton, Minneola, Seminole, 
and especially Orlando. 
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The selection of superior strains of common citrus varieties in 
California has been an outstanding achievement. In the past 25 
years most of the new acreage planted i in California utilized superior 
strains of Washington navel and Valencia oranges, Marsh grapefruit, 
and Lisbon and Eureka lemons dev eloped as a result of the bud selec- 
tion work. 

The determination of the cause and the development of practical 
control measures for several major citrus diseases.—lt was found that 
citrus scab and citrus melanose were caused by fungus organisms, and 
the deleterious effect of these diseases on productivity and fruit ap- 
pearance could be controlled by the timely application of copper-lime 
sprays. It was determined that citrus canker was caused by a bacte- 
rial organism, and that none of the usual control measures were etfec- 
tive. An extensive eradication campaign in cooperation with the 
affected Gulf States was instituted and saved the industry from threat- 
ened destruction. 

Basic work on the role of “trace” fertilizer elements in the nutrition 
of citrus is an outstanding chapter in the development of scientific 
agriculture. Studies in Florida contributed very materially to the 
development of fertilizer practices involving the use of mineral ele- 
ments, such as copper, boron, and manganese, needed in minute 
amounts by all plants for healthy growth. These studies provided the 
key to profitable citrus production on the very sandy soils of the ridge 
section of Florida, which now comprises more than 85 percent of the 
Florida citrus acreage. Without this knowledge of the need for and 
practical methods for applying these so- called trace fertilizer ele- 
ments in citrus culture, the inherently very infertile cut-over “high 
pine” lands in Florida would not have sustained over 300,000 acres ‘of 
profitable citrus orchards that make up the principal agricultural en- 
terprise of Florida. 

P hosphate fe rtilizer trials in Florida orange orchards have demon- 
strated that the trees make little if any beneficial use of heavy phos- 
phate applications. In 1948, when these findings were first made 
public, an estimated $2,500,000 was spent annu: ally for the phosphate 
used in Florida citrus orchards. During the past 2 years the rate of 
use of this element in Florida citrus fertilizers has declined materi: lly, 
resulting in a very appreciable saving to growers. 

Tristeza disease of citrus in South America, which has destroyed 
practically all orchards on sour orange rootstock in that region and 
which threatens the industry in the United States, has been carefully 
studied by our workers, who have confirmed its virus causation and 
transmissibility by budding and grafting and by a species of black 
citrus aphid. The suse eptibility of practically all scion varieties and 
of several hundred potential rootstocks has been tested in Brazil. 
Growers in this country are now using resistant rootstocks in new 
plantings wherever soil conditions permit. 


F. SOME ADDITIONAL WORK NEEDED 


Citrus breeding work needs to be expande d mate rially.—The pro- 
duction of hardier and otherwise improved varieties better adapted 
to juice manufacture and of better dessert quality is needed. Research 
in citrus breeding methods and techniques has progressed to the pon 
that rapid progress would be possible with a moderate-scale breeding 
program. 
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Acceleration of research on the effects of fertilizer practices on 
juice quality and juice yield of citrus fruit is needed so that growers 
may more effectively and profitably produce fruit adapted to the 
requirements of the producers of frozen concentrate juice. This 
urgent need results from the spectacular development of this new 
method of processing and marketing citrus juices. Four years ago, 
less than 500,000 boxes of fruit were utilized for this product. Last 
year about 20,000,000 boxes, or one-third of the total Florida orange 
crop, was utilized for the manufacture of frozen concentrate orange 
juice. ’ 

A disease similar to or identical with quick decline or tristeza dis- 
ease of citrus has recently been identified in Louisiana.—Research on 
this disease within our own boundaries is urgently needed before it 
spreads to our main citrus areas. The means of spread of infection 
in Louisiana need to be determined and also the feasibility of using 
possible nonvirulent strains of the virus to protect trees against the 
virulent form. 


Testing or Cirrus Roorsrocks ror Resistance to Foor Rors Anp 
GuUMMOsIS, TO SALINITY, AND TO NEMATODES 


(BPISAE—RM: b 531—Federal-State —RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The tristeza disease of South America (discussed under work proj- 
ect b-2-1) makes it imperative that suitable citrus rootstocks be 
found to replace the wily used sour orange, which is susceptible 
to this virus disease. Tristeza resistance, however, is not the only 
requirement needed for a rootstock to qualify as a replacement for 
sour orange. In all citrus-growing areas foot rot and gummosis 
abound, and a successful stock must be resistant to these troubles and 
also should tolerate heavy, wet soils. In the Rio Grande Valley of 
Texas, a main citrus area, high salt content of the irrigation water 
and high boron content of the soils make it necessary that rootstocks 
for that area be also resistant to these factors. Thus the purpose of 
this project is to screen all potential rootstock material for tolerance 
to salt and boron and for resistance to foot rots and nematodes. The 
work is conducted at Weslaco, Tex., in cooperation with the Texas 
Agricultural Experiment Station, and at Orlando, Fla. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-531-1—Tolerance of citrus rootstocks to salt and boron in 
the soil or irrigation water. Experiments are conducted in which 
large numbers of citrus rootstocks are subjected to graduated amounts 
of salt and boron, singly and in combination, and the effect on the 
citrus plants recorded. 

RM: b-531-2—Resistance of citrus rootstocks to foot rots and nema- 
todes. Foot rots in this project include several organisms, including 
Phytophthora foot rot, Rio Grande gummosis, and cotton root rot. 
Nematodes in some areas constitute a limiting factor for growth and 
production. Under this project rootstocks are tested for resistance 
to these organisms by inoculating the plants with the organisms and 
recording the results. 
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CITRUS AND SUBTROPICAL FRUITS 997 
Cc. HISTORY AND EVOLUTION OF THIS WORK 


Long-time observational data both in the United States and in 
other citrus- -producing areas have indicated that of the citrus species 
and varieties in general use as rootstocks the sour orange has been 
the most resistant to wet soil, foot rot, and gummosis. Its use also 
results generally in production of high quality fruit. Thus until 
the last decade, this stock was Bots used in most parts of the 
world in the growing of oranges and grapefruit, particularly when the 
plantings were on moderately heavy or wet soils. 

About 1940 a disease began to sweep citrus plantings in South Amer- 
ica, taking out all the trees on this rootstock. The same or a wnat 
similar disease is now t sierieny in many citrus areas, including Cali- 
fornia and probably Louisiana. The disease is a virus and sour 
orange stock topworked with sweet orange or grapefruit is highly 
susceptible. Thus sour orange is no longer considered safe to use 
as a stock for citrus production. The other ' widely tested stocks 
that are resistant to the virus are known to be susceptible to foot 
rot and salt in the soil. It was therefore essential that an eXxten- 
sive program of testing the virus-resistant stocks for resistance to 
fungus diseases and salinity be established and pushed as rapidly as 
possible. This project was started July 1, 1949, at the recommenda- 
tion of the Citrus Advisory Committee of RMA. Prior to that time 
no systematic research had been conducted on this problem. 


D. FUNDS—ANNUAL EXPENDITURES 
The allotment for the first year, 1950, was $18,000, 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Although this project has been under way for only 114 years, sub- 
stantial progress has been made in establishing facilities and experi- 
mental plantings and in working out techniques. The first year’s 
results indicate that one citrus rootstock, Cleopatra mandarin, 
which is resistant to tristeza, is also somewhat more resistant to salt 
damage and nearly as tolerant to boron damage as sour orange. Citrus 
growers in Texas, who heretofore have used sour orange exclusively, 
are now turning to Cleopatra to a large extent. This is a move born 
of desperation for fear of an early invasion of tristeza. We con- 
fidently expect to find more stocks that will be able to successfully 
replace sour orange. 


F. SOME ADDITIONAL WORK NEEDED 


The threat of tristeza virus and the lack of adequate information 
on suitable rootstocks constitute one of the most serious problems 
facing the citrus industry today. While considerable work has been 
started on actual field trials of a number of citrus rootstocks, this 
phase of the work also should receive more attention. The stocks 
found suitable in resistance to tristeza, foot rots, salt, boron, and other 
troubles must prove themselves for vigor, productiveness, and high 
quality of fruits produced. This can only be determined by field 
trials over a number of years, conducted in all the important citrus- 
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growing areas, and with all important kinds and varieties of citrus 
fruits. 


Fruirrty INVESTIGATIONS IN Mex1co 
(BEPQ—I-a-2—F ederal-Mexican Government—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to (1) determine the potential danger 
to the citrus industry of the United States of the various fruitflies 
in Mexico or in the Rio Grande Valley of Texas, and (2) develop 
methods of controlling the species that are already serious pests or that 
may become so. Current work includes (1) a study of the biology 
and habits of the species involved as a basta for estimating their poten- 
tial danger as pests and the development of control measures, (2) 
the de .velopme nt and improvement of methods for destroying maggots 
and eggs of fruitflies in fruits to permit movement of the fruit to 
markets throughout the United States without danger of spreading 
injurious species, and (3) the development of methods of field control 
of Mexican fruitflies of importance to the citrus industry in the 
United States. 


B. CURRENTLY ACTIVE LINE PROJECTS 


[-a-2-1—T reatment of products infested by fruitflies. To perfect 
and ah the vapor-heat method of treatment, by the commercial 
use of which products that may be infested can enter normal channels 
of trade with perfect safety to the fruit-producing industries of the 
country. 

I-a-2-2 United States on relative danger from fruit- 
flies. To de te rmine the zones in the United States in which different 
Mexican fruitfly species would not be continuing economic factors if 
they reached those areas. 

l—a—2—3— Investigations on DDT as a field control for the Mexican 
fruitfly. To develop a spray that will commercially control this fruit- 
fly and to establish evidence that the formula adopted will not affect 
trees, fruit, or fruit byproducts adversely. 

I~a—2-4— Exploratory laboratory and field investigations with new 
insecticides for fruitflies. To determine the possible value of the 
newer insecticides against fruitflies, and to select those showing prom- 
ise for more intensive study. 





C., HISTORY AND EVOLUTION OF THIS WORK 


The Mexican fruitfly, which attacks citrus, mangos, peaches, apples, 
and other fruits, gained access to the growing Texas citrus industry 
in 1927. This made it necessary to restrict production and marketing 
of citrus in that area to protect the rest of the country from invasion 
by this insect. Eradication of the pest in Texas was undertaken. 
However, it was soon found that the fly practically disappeared from 
Texas orchards during the summer months and that new ones flew 
in during the fall or winter from various points in northern Mexico. 
The hope of eradication, therefore, had to be abandoned. 

In order to secure basic information on this insect and to develop 
methods of treating oranges and grapefruit to eliminate the danger 
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of shipping the fruitfly to other parts of the country, and to develop 
methods whereby individual growers could control the pest if it should 
become abundant enough to cause serious damage, arrangements were 
made to carry on work in Mexico, in cooperation with “the Mexican 
Government. A laboratory was accordingly established in Mexico 
City in 1928. The Mexican authorities have been most cooperative. 
Realizing that knowledge of fruitflies would be valuable to Mexico, 
the Mexican Government built extensive laboratories specifically for 
the work, providing them entirely without cost. 

The work has also included studies of the numerous other species 
of fruitflies that exist in Mexico, as there has been opportunity. Many 
of them were new to science at the time the work was undertaken and 
are potential threats to agriculture in the southern United States. 


D. FUNDS—ANNUAL EXPENDITURES 


Annual expenditures for fruitfly work in Mexico were about $30,000 
in the arly years, $22,000 in fiscal year 1934, and increased to a high 
point of $ $52,300 in 1948. Expenditures for the fiscal year 1950 were 
about $ $49,200, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Methods developed that pe rmit safe movement of fruit to uninfested 
areas.—A_ method of treating the fruit by means of vapor heat was 
developed to permit the movement of fruit to uninfested areas without 
danger of establishing the Mexican fruitfly in such areas. This per- 
mitted the citrus industry to continue shipments through the entire 
normal shipping season and to all markets instead of to specified 
markets in the North where establishment of the fruitfly would be 
unlikely. In some seasons, as much as 150,000 tons of citrus fruit 
have been given the vapor-heat treatment. 

Effective fruitfly traps useful in many ways—The laboratory in 
Mexico has worked out lures that attract different fruitflies and a 
most effective trap in which to use them. The fruitfly that has af 
fected the Texas citrus industry migrates northward each year from 
large wild areas in Mexico. Trap lines from these areas to Texas 
established the fact. Traps throughout southern Texas show each 
vear when the flies begin to arrive, how m: iny are coming in, and how 
large the treatment job will probably be. Tr aps are used extensively 
in survey work and serve as a means to determine whether a fruitfly 
has gained access to a new region. 

Potential status of Mexican fruitfly in different climates deter- 
mined.—The Mexican laboratory invented apparatus with which it is 
possible to reproduce in the laboratory weather conditions recorded 
elsewhere. In this apparatus populations of fruitflies have been sub- 
jected to the cold winters or hot summers of selected United States 
fruit regions to learn if they would be serious pests in those regions 
should they get there. In this w ‘ay it has been determined that estab- 
lishment of the Mexican fruitfly in most of the northern fruit-produc 
ing areas of the United States is virtually impossible. 

Valuable information on many fruitflies accumulated —Investiga- 
tions in Mexico have also dealt with a number of species other than 
the Mexican fruitfly. Many of these would be serious pests if they 
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should accidentally find their way into the United States. Basic in- 
formation on them would be of great value to the fruit industries of 
the southern United States if this should occur. In fact, the funda- 
mental information secured has already aided in connection with 
fruitfly problems elsewhere. 


F. SOME ADDITIONAL WORK NEEDED 


Further improvement of the vapor-heat process needed.—Although 
the vapor-heat process as now authorized is being , used whenever 
necessary to permit fruit to move from fruitfly- infested areas to un- 
infested ones, further improvement is very much needed. It is hoped 
that the exposure period can be further shortened, which would permit 
more frequent turn-over and more efficient use of equipment. 

Better lures needed for fruitflies—Although lures are available 
that attract and catch large numbers of certain kinds of fruitflies, 
better and more attractive materials are needed, as well as materials 
that would attract species that do not come to present baits. In- 
tensification of this work is very much needed. 

Studies of other fruitflies neede d.—There are numerous species of 
fruitflies, all of potentially serious economic importance, about which 
comparatively little is known. The work dealing with these fruitflies 
should be expanded and more complete information secured. The in- 
formation needed includes the food plants, distribution range, the 
conditions under which these insects thrive, and methods of con- 
trolling them. 


FruitrLy INVESTIGATIONS IN THE CANAL ZONE 
(BEPQ—I-a-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To gather as much information as possible on the biology and food 
plants of the many species of fruitflies present in Central America. 
This is an area in which probably the greatest number of fruitflies 
occur, since it includes overlapping distribution for many northern 
and southern forms. Currently, this information is secured for its 
value when any of these fruitflies become of importance in other areas. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-a-3-1—Identity and biology of fruitflies in Central America. To 
obtain information of a preliminary nature on the habits of different 
fruitflies, the kinds of fruits each species attacks, the stage of the 
fruit when attacked, the length of life in the fruits, and other useful 
data. 

J—a—3-2—-Relative abundance and importance of various fruitflies 
in Central America. To learn what species of fruitflies occur in dif- 
ferent types of plantings or growths, the times when they are abun- 
dant, to determine how the populations move, how the species fluctuate 
under different conditions, and related data. 
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}. HISTORY AND EVOLUTION OF THIS WORK 


Studies of fruitflies in the Canal Zone have been underway since 
the early 1920's. The laboratory maintained there is a small outpost. 
By means of traps and the rearing of flies from infested fruits, in- 
formation is sethated on the different species present or that move 
into the region, their seasonal abundance, type of location they prefer, 
and kind of fruit attacked. This information has on several occa- 
sions proved very valuable and will in the future be of value when- 
ever any of these species assume economic importance elsewhere. 
Only part of the time of the entomologist in charge can be devoted 
to the fruitfly work, since he is also called on in connection with other 
entomological problems in the Canal Zone. 


D. FUNDS--ANNUAL EXPENDITURES 


By decades the average annual expenditures in the Canal Zone have 
been about as follows: 1921-30, $3,500; 1931-40, $5,800; 1941-50, 
$9,300. The estimated expenditures for 1950 were about $8,900. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Important information secured about many kinds of fruitflies— 
In all, 68 species of fruitflies have been recorded in the Canal Zone. 
More or less detailed biological information has been secured for at 
least 23 of these species, including their behavior and the kinds of 
fruit they attack. With many species the only information available 
is the fact of capture in bait traps. 


F. SOME ADDITIONAL WORK NEEDED 


* 


Intensification of the biological studies desirable.—Since very little 
is known about many of the fruitfly species that have been taken in 
the Canal Zone and since most of these are of potential importance 
if they should find their way into commercial fruit-producing areas, 
intensification of the studies on them is very much needed. 


Crrrus BLACKFLY INVESTIGATIONS 


(BEPQ—I-a-4—Federal-Mexican Government—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine where the citrus blackfly occurs in northern 
Mexico; (2) perfect methods for its commercial control or eradica- 
tion; (3) determine whether present control methods can be used 
effectively to eradicate incipient infestations; and (4) gain experience 
in the development of control or eradication programs in the event 
that this pest should be found in the United States. The citrus black- 
fly is a destructive pest of Asiatic origin that is doing great damage 
to citrus in Mexico and that is threatening to invade the citrus pro- 
duction areas in the United States. Currently, the work is carried 
on in Mexico in cooperation with Mexican officials. It includes (1) 
surveys to determine where the insect occurs in areas of northern 
Mexico as a possible threat of spread to the United States; (2) the 
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development of insecticides that may be used for commercial control 
or eradication of the pest; and (3) the establishment in Mexico of 
parasites secured from other areas, which may aid in reducing black- 
fly infestations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


[~a—t—1—Observations on spread of the blackfly and on the effec- 
tiveness of its parasites. To gain knowledge on movement of the 
blackfly, especially in the direction of the United States, and to de- 
termine the effectiveness of parasites in its control. 

[-a+—2— Investigations of rotenone in oils as a commercial control 
for the citrus blac ‘kfly. To perfect a satisfactory commercial control 
for the citrus blackfly for use in Mexico to forestall its further north- 
ward movement, and to have it available should it be needed in the 
United States. 

I-a-4-38—F ood plants of the citrus blackfly in Mexico. To learn 
what trees or ney the blackfly will infest in the Western Hemi- 
sphere, in order to know what trees and plants would have to be 
included in any er: a program. 

[-a-+1— Exploratory studies of the newer insecticides for citrus 
blackfly. To make exploratory field tests of new insecticides against 
the citrus blackfly, and to select the most promising materials for more 
concentrated study. 

[-~a—t—5—Importation of natural enemies from Cuba, Malaya, and 
India into Mexico. To introduce into Mexico from these areas effective 
natural enemies likely to aid in reducing infestations of the citrus 
blackfly, and thus lessen the risk of entry of the pest into the United 
States. 





I~a-t+-6—Rearing, colonization, and studies on effectiveness of nat- 
ural enemies in Mexico. To effect establishment and spread in Mexico 
of various parasites of the blackfly, and to study their effectiveness in 
oe the pest. 

[~a—t-i— Investigations of large-scale spraying for control of citrus 
blackfly in . northes astern Mexico. ‘To carry on large-scale experiments 
in northeastern Mexico with the best available insecticides to deter- 
mine whether their use in an eradication program would be feasible ; 
also, to gain practical experience with the problems likely to be met 
in eradication programs. 

I~a—t-S—I nvestigations of large-scale spraying for control of citrus 
blacktly in northwestern Mexico. This work is similar to that car- 
ried on under I-a—4—7, except that it is done in northwestern Mexico, 
where conditions are totally different. 

[~a—t-)—Studies of the biology of the citrus blackfly and the de- 
velopment of traps for use in survey work. To study the life history 
and habits of the insect in order to gain information that would be 
useful in the development of control measures; also to develop more 


efficient traps for use in surveys to determine how far the insect has 
spread. 


C. HISTORY AND EVOLUTION OF THIS WORK 
The citrus blackfly, which is perhaps the worst insect pest of citrus, 


is of oriental origin. It attacks the leaves of citrus trees and pre- 
yents the deve lopme nt of marketable fruit under conditions of he; avy 
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infestation. This blackfly reached the Western Hemisphere in 1913, 
when it invaded the West Indies and Central America. From 1917 
to 1923 studies were made of this insect in Panama, with special em- 
phasis on its biology and seasonal history. In the early thirties a 
parasite from Malaya was introduced into the West Indies and proved 
to be of great value in keeping the pest within bounds. ‘This is dis- 
cussed in more detail under project No. I-k-1, ch. 31, “Collection and 
importation of natural enemies of insect pests and weeds.” ‘Two or 
three years later the blackfly was found in Key West, Fla., but was 
eradicated through a cooperative Federal-State program. About 
1935, the pest reached the west coast of Mexico and within a few 
years had spread to many scattered localities in that country. The 
parasite that had been so successful in the West Indies was intro- 
duced into Mexico, but conditions there prevented it from being fully 
effective. The continued spread of the blackfly northward alarmed 
the citrus growers in southern United States, and in 1947 California 
grower organizations undertook a spray program in western Mexico 
to prevent further northward spread. Early in the summer of 1948 
Federal funds were made available for extensive work for the purpose 
of (1) developing more effective insecticides, (2) determining the 
possibility of eradication of isolated infestations, and (3) exploring 
further the possibility of parasite control. Previous to the alloca- 
tion of these funds, more or less work had been done by the Depart- 
ment laboratory in Mexico City, incidental to other work on this prob- 
lem. All of this work is carried on in cooperation with the Mexican 
Government. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The cost of the earlier work that was under way in 1917 to 1923 was 
about $2,000 to $4,000 a year, although exact figures are not available. 
No estimate is available on the actual cost of the incidental work car- 
ried on through 1947, but it may have been as great as $8,000 in some 
years. During the fiscal year 1949, the total obligations were about 
$81,000, the major part of which was expended for large-scale ex- 
periments on control and experimental eradication. Expenditures 
in 1950 were about $170,000, including $65,000 for experiments in 
control and eradication, $20,000 for the introduction and establish- 
ment of parasites, $20,000 for studies of biology and the development 
of traps for use in survey work, and $75,000 for survey work in north- 
ern Mexico and southern United States. Federal contributions to the 
successful eradication project in Florida amounted to $36,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Surveys delimit areas to be treated by Mewican officials.—Surveys, 
conducted in cooperation with Mexican officials, have brought to 
light incipient infestations of the citrus blackfly at numerous points in 
northern Mexico, the most serious of which was in the city of Mata- 
moros, directly across the Rio Grande from Brownsville, Tex. Al] 
these infestations were on or near the main highways leading north 
and on a direct line to the citrus-producing area of Texas. Locating 
these infestations, while only limited areas were involved, has permit- 
ted effective control, which greatly retarded if not prevented further 
northward spread. 
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Effective spray formulas developed——Two spray formulas have 
been developed that are highly effective against the citrus blackfly. 
One contains oil and ground cube root, and the other a mixture of 
kerosene-xylene and DDT. These have given effective commercial 
control and have also been used successfully to eradicate isolated in- 
festations. However, these mixtures aanines cause injury to citrus 
trees, and safer materials are needed. 

Traps devised for blackfly survey.—An effective trap, involving the 
principle of a sticky board, has been developed that captures tremen- 
dous numbers of the blackflies when exposed in trees in the orchard. 
This trap will be of great value in conducting survey work to deter- 
mine the distribution and spread of the insect. 

Parasite introduction has already given promising results—Cer- 
tain of the parasites imported into Mexico from the drier parts of 
Asia look very promising against the citrus blackfly. In fact, they are 
well established at the points at which they were liberated and it has 
already been possible to collect large numbers at early points of in- 
troduction for use in establishing the species in other localities. 


E. SOME ADDITIONAL WORK NEEDED 


Continuation and strengthening of survey essential—Inspections 
must be continued and intensified to locate incipient blackfly infesta- 
tions so that they may be prevented from becoming established in areas 
immediately adjacent to or within the United States. Any infestation 
of the citrus blackfly in the northern part of Mexico is a serious and 
direct threat to the production of citrus in the United States. 

Intensification of the work with insecticides needed.—Although 
effective control of the blackfly may be secured by the use of insecticides 
now available, injury to the trees sometimes occurs. Safer and even 
more effective insecticides are therefore much needed, and extensive 
work along this line, including the testing of numerous new materials 
now available, is very desirable. 

Further parasite introduction and distribution needed—In order 
to reduce the threat to American agriculture resulting from the occur- 
rence of the citrus blackfly in Mexico, full adv antage should be taken 
of all possible natural enemies. Stocks of as many kinds of parasites 
as possible should be brought in, and these distributed to many parts 
of Mexico. This would reduce the hazard of northward spread of 
the blackfly and would also provide a nearby source of parasite mate- 
rial if an infestation should be found in the United States. Mexican 
horticulture would, of course, benefit, but such benefit would be inci- 
dental to the main objectives. 


INVESTIGATIONS OF Crrrus AND OTHER SusrrRopica.L Frurr Insecrs 


(BEPQ—I-b-9—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of the activities under this work project are to develop 
more effective and economical methods of controlling the numerous 
insect and mite pests that attack citrus and other subtropical fruits. 
These insects form a major item of production costs. Currently, the 
nature of the work is to (1) determine the conditions that may have 
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brought about resistance of California red scale to cyanide fumigation 
and to develop methods of controlling it in spite of this resistance ; 
(2) develop the use of parathion or related materials, alone or with 
oils, for control of various scale insects on citrus; (3) determine the 
value of other new insecticides as substitutes for or supplements to 
oil sprays or fumigation; and (4) obtain information on the biology 
and habits of various insects and mites attacking citrus and other 
subtropical fruits such as mango, avocado, guava, papaya, and pine- 
apple, and to develop control measures for these pests. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-b-9-1—I nvestigations of insecticides for the control of the citrus 
red mite. To develop means of controlling the citrus red mite that 
will not injure citrus trees or adversely affect the fruit. 

I~b-9-2—Influence of temperature and humidity on the abundance 
of the citrus rust mite. To determine the effect of different tempera- 
tures and humidities and combinations of them on the citrus rust 
mite, as a basis for a possible explanation of the seasonal slumps in 
populations that occur naturally in citrus groves. 

I-b-9-3—Development of insecticides that can be used with oil to 
control the citrus rust mite. To develop a combination oil spray that 
‘an be used to control both rust mites and scale insects with one appli- 
cation, without injuring the-trees or fruit. 

I-b-9-4—Studies of the timing of oil spray applications for the 
control of scale insects. To determine whether application of an oil 
spray early in the summer will give more effective control of the 
Florida red and purple scales than one in October, and whether a 
single application at one time or the other will give satisfactory con- 
trol of moderately heavy infestations. 

I-b-9-5—Studies of factors influencing increases in scale insects 
and whiteflies following the use of sprays leaving heavy deposits. To 
determine whether the marked increases of scales and other insects that 
occur following applications of zine sulfate as a nutritional spray can 
be avoided by applying this material to the soil under the trees and 
without impairing its beneficial effects. 

I-b-9-6—Studies of influence of varying vigor of citrus trees result- 
ing from variations in the use of nutritional sprays, fertilizer treat- 
ment, and orchard practices on scale populations. To determine 
whether variations in the vigor of citrus trees resulting from varia- 
tions in the use of nutritional sprays, fertilizer treatment, and orchard 
practices result in differences in scale insect populations. 

I-b-9-7—Investigations of insecticides for control of the papaya 
fruitfly. To develop more effective and practical insecticides for con- 
trolling the papaya fruitfty. 

I-b-)-8—Investigations on control of the little fire ant, grasshop- 
pers, and stinkbugs with insecticides. To (1) determine the formula- 
tion of DDT and method of applying it that will give the highest prac- 
tical degree of control of the little fire ant; (2) test other promising 
new insecticides in comparison with DDT for use to control this pest ; 
and (3) develop a combination program of control of the little fire ant, 
grasshoppers, and stinkbugs in citrus groves. 

I-b-9-9—Studies of control of the pineapple mealybug. To de- 
velop a more effective control of the pineapple mealybug than the oil 
spray now in use. 
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I-b-9-10—Studies of the biology of the purple scale. To complete 
and round out the records on the biology of the purple scale in the 
laboratory files, with special reference to the additional information 
needed to aid in timing spray applications. 

I-b-9-11—Studies of the biology of the Glover scale on citrus in 
Florida. To obtain information supplementing that now available 
on the seasonal history, periods of peak infestation, and reproductive 
capacity of the Glover scale, to provide a better basis for timing spray 
applications. 

I-b-9-12—Studies on the control of insects and mites on citrus 
nursery plants by fumigation with methyl bromide. To (1) deter- 
mine the value of controlling the insects and mites on citrus nursery 
stock as a means of postponing infestations in new groves, (2) deter- 
mine the limits of tolerance of citrus nursery stock to methyl bromide, 
and (3) develop effective schedules of methyl bromide fumigation of 
citrus nursery stock. 

I~b-9-13—Studies of miscellaneous insects attacking citrus and 
other subtropical fruits, with special reference to insects affecting 
mango, guava, papaya, and avocado. To obtain information on the 
biology and habits of miscellaneous insects and mites attacking citrus 
and other subtropical fruits as a basis for the development and ap- 
plication of control measures. 

I-b %-15—Laboratory studies on the effect of repeated fumigation 
in building up resistance of the California red scale to HCN and the 
stability of stocks when fumigation is discontinued. To (1) determine 
further the effect of repeated fumigations with HCN on resistance of 
stocks of the California red scale and the effect of discontinuance of 
fumigation on stocks that have already acquired a degree of resistance. 
and (2) secure a measure of the ultimate effect of control practices as 
a basis for the development of improved control measures. 

I-b-9-17—Investigations on plastic-coated fabrics for gastight 
fumigation tents. To develop improved, pliable, lightweight, longer- 
lived gastight tents. 

I-h-9-18—Development of fas evacuator equipment. Tests of 
methods of reducing operational hazards in gastight tent fumigation. 
To develop a simple, rapid, and efficient method of ridding work areas 
of residual HCN gas for the protection of operators. 

I~b-9-19—Laboratory tests of gases other than HCN against Cali- 
fornia red scale. To determine the value of promising new fumi- 
gants for control of the California red seale, 

I-b-9-21—Studies on the influence of emulsifiers and other spray 
components on the effectiveness of sprays of derris and cube resins in 
oil for control of California red s vale. To determine the factors re- 
sponsible for variation in the results obtained with derris or cube 
resins with oil in control of the California red scale. 

I-b-9-22—Tests of materials other than derris or cube resins as ad- 
ditives to or substitutes for oil against scale insects on citrus. To find 
and develop materials, other than derris and cube resins, which are 
effective in the control of scale insects on citrus, used either alone 
or in combination with oil, 

I-b-9-24— Investigations of thrips on citrus, with special reference 
to the development of resistance to insecticides. To (1) determine the 
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factors contributing to the development of resistance of the citrus 
thrips to insecticides recommended for its control, as a basis for de- 
vising ways and means of preventing or overcoming such development, 
and (2) find and develop other insecticides as possible substitutes for 
presently recommended materials. 

I -b-9-25—Investigations on effectiveness of parathion against scale 
insects on citrus. To determine the possibilities of parathion as a 
practical control of various scale insects on citrus. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Serious work on citrus and other subtropical fruit insects in the 
Department started in the early eighties, when an agent of the newly 
created Division of Entomology spent about half his time in a study of 
citrus insects in Florida. This study resulted in the publication of a 
classic book of 227 pages on the subject. Field agents maintained in 
California from 1886 to 1894 worked on biological control (to be re- 
ported under another project) and fumigation for citrus scale insects. 
Little attention was paid to insects attacking citrus from 1894 until 
1905. Serious damage by citrus whiteflies in Florida in 1906 caused 
the Congress to appropriate funds for work there. The following 
year fie ld work in California was resumed, the main project being the 
fumigation of citrus for scale insects and the control of citrus thri ips. 
Continuous investigations of citrus insects have been carried on in both 
areas since that time, with some incidental work in Louisiana. In 
California the major problems have been the California red scale, 
which has exhibited increasing resistance to hydrocyanic acid fumiga- 
tion. Other scale insects and the citrus thrips have also been studied 
in California. In Florida, most of the work has dealt with a wide 
range of scale insects, whiteflies, and mealybugs. In 1929 and 1930 
most of the work in Florida dealt with the Mediterranean fruitfly, 
which had established itself there after being introduced accidentally. 
From time to time studies have also been made in Florida of the numer- 
ous insects affecting other tropical or subtropical fruits such as the 
mango, avocado, papaya, and pineapple. Work was also done with 
date ‘palm i insects in southern California, including a project to eradi- 
cate the date scale. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Accurate information on expenditures prior to 1907 is lacking. 
From 1880 to 1894 they probably ranged from $1,000 to $5,000 an- 
nually. Before this period and between this period and 1906 the 
expenditures were nominal, perhaps a few hundred dollars a year. 
The expenditures in 1907 were about $4,700. The average annu: al ex- 
penditures by decades (exclusive of work on the date scale and tropical 
fruitflies) have since been about as follows: 1911-20, $17,000; 1921-30, 
~ 000; 1931-40, $44,000; 1941-50, $48,000. The allotment for 1950 

ras about $56,000. The amount expended by the Federal Government 
for date scale eradication totaled approximately $500,000 in fiscal 
years 1921-36, and for eradication of the Mediterranean fruitfly 
totaled slightly more than $6,600,000 in fiscal years 1929-32 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Ou sprays developed.—Kerosene emulsion, the first practical con- 
tact insecticide, was devised by a Department worker in Florida about 
1881. For many years kerosene emulsion was the standard contact 
spray and was used very extensively. The heavier fractions of oil, 
however, were found by Department workers to be safer and more 
effective. These sprays give good control of scale insects, although 
under certain conditions there is an unfavorable effect on the tree. 
Citrus growers now use millions of gallons of the oil sprays annually. 

Hydrocyanic acid fumigation developed for control of California 
red scale.—The first fumigation of citrus trees under tents with hydro- 
cyanic acid was carried on by a Department worker in 1887. Depart- 
ment workers also later developed methods of marking the tents to 
determine the volume of each tree to be treated and erin out tables 
of dosages to determine the quantities of cyanide needed. This method 
was found to be highly effective under most conditions, and permitted 
growers to secure adequate control of the scale. However, in some 
areas the scale insects subsequently became resistant to the action of 
cyanide. 

Mediterranean fruitfly eradicated in Florida—The eradication of 
the Mediterranean fruitfly in Florida by entomologists of the Depart- 
ment and State agencies was a service of inestimable value to farmers 
throughout our southern tier of States. This fruitfly is a major pest 
of citrus and many other fruit crops in tropical and subtropical areas 
in many parts of the world. The first Mediterranean fruitfly infesta- 
tion in the United States was found near Orlando early in 1929. The 
infested area embraced nearly 16,000 square miles. Approximately 
120,000 acres of citrus and 160,000 acres of other fruits and vegetables 
were located in the area. Because of the fly’s destructive habits, an 
eradication program was undertaken immediately in cooperation with 
State agencies. Drastic restrictions were placed on the growing of 
fruits and vegetables that would = between May 1 and October 1, 
thus depriving the fly of suitable places where it could develop. Poi- 
soned bait sprays were applied to the foliage of wild and cultivated 
plants at regular intervals, sometimes to as many as 110,000 acres in 
1 week. The last living fly was seen on July 25, 1930, only a little more 
than a year after the infestation was discovered. The prompt elim- 
ination of the fly was an achievement without parallel in entomological 
history. 

Parlatoria date scale eradicated.—The eradication of the Parlatoria 
date scale in the United States was another outstanding accomplish- 
ment of Department entomologists working cooperatively with State 
organizations. This successful effort relieved date growers in the 
Southwest of a serious pest that is capable of causing severe crop losses. 
The Parlatoria date scale had become established in Arizona and Cali- 
fornia late in the nineteenth century, after having been accidentally 
introduced on imported palm shoots. The seriousness of the injury 
caused by the scale was soon recognized, and efforts to eradicate it were 
made as early as 1907. In 1929 the eradication effort was intensified. 
The number of infested palms had been reduced from several thousand 
to only three by 1934. These were successfully treated, and no Parla- 
toria date scales have since been found in the date-producing areas of 
the Southwest. 
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Basic information secured on resistance of California red scale to 
hydrocyanic acid fumigation—The development of resistance to 
fumigation on the part of the California red scale has been studied, 
and much basic information has been secured. Scale stocks main- 
tained in the laboratory have been given more than 40 repeated fumi- 
gations at dosages low enough to allow some of the insects to survive. 
Resistance to cyanide built up rapidly at first, and has continued to 
increase at a slower rate. It now takes three times as much cyanide to 
kill these scales as at first. Once built up, the resistance seems to be 
retained. All of this work points to the need for a new insecticide for 
red scale control and has a definite influence on the planning of further 
investigations. A number of practical growers, realizing the situation, 
have already changed from fumigation to spraying with oil. 

Effective methods worked out for rust mite control.—The early Fed- 
eral entomologists working on citrus problems in Florida found that 
sulfur is effective in controlling the citrus rust mite. From time to 
time the entomologists have developed improvements in the formula- 
tions used, but the basic material has remained the same. This work 
has given the growers a cheap, effective means of controlling this pest. 

Parathion found effective in control of citrus scale insects. — 
Parathion has been found to be effective in controlling the California 
red scale, especially when used in a small quantity of a light mineral 
oil. If means of preventing foliage injury that sometimes occurs can 
be worked out, parathion may replace both fumigation and oil sprays. 
Neither of these are always satisfactory. Parathion has also been used 
very effectively against several scale insects in Florida. It has not 
caused injury there. It improves the quality of the fruit instead of 
reducing it as the oil sprays sometimes do at certain times of the year. 
Parathion, unfortunately, is a dangerous material to use. With ade- 
quate precautions it should be possible to use it safely. In any event, 
the use of parathion may point the way to some similar material that 
is safer to use. 

Studies made of insects affecting avocado and mango in Florida 
provide basis for control—Detailed studies were made in the early 
twenties of the biology of the more important insects affecting the 
avocado and mango in Florida, and control methods worked out. 
The information already obtained has been very useful to growers of 
these fruits. It will also form the basis of further studies dealing 
with the new insecticides and newer methods of control. 

Little fire ant controlled in Florida citrus groves——Department 
workers have found that spraying the trunk and lower branches of 
the trees with DDT, chlordane, or toxaphene practically eliminates 
the little fire ant. This insect is an extremely annoying one. When 
fire ants begin to sting workers in a citrus grove, the entire crew will 
often walk out and refuse to work there anymore. Controlling the 
fire ant removes one cause of labor troubles and permits normal har- 
vesting and other orchard operations to go on without any trouble. 

Rotenone materials add to effectiveness of oil sprays —Department 
workers in California found that the addition of derris resins or other 
rotenone-bearing materials to oil sprays materially increases the kill 
of California red scale. Such combinations have been used to some 
extent in California and are now being used against citrus blackfly 
in Mexico. The latter insect is a serious threat to the citrus industry 
of the United States but has not yet been found north of Mexico (ex- 
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cept for a small infestation in Key West, which was eradicated in the 
middle of the 1930's). 

Argentine ant controlled in citrus groves.—An effective poison sirup 
and simple methods of using it to control the Argentine ant were de- 
vised many years ago by Department workers. ‘This ant is common 
in citrus groves, both in the Gulf region and in parts of California. 
It is a general nuisance and is serious in citrus orchards because it 

cares for and protects a number of scale insects and mealybugs from 

their natural enemies. Infestation by these insects is always worse 
when this ant is present. The development of this method of control 
gave the growers a simple, effective, and inexpensive means of dealing 
with the ‘Argentine ant problem. 


F. SOME ADDITIONAL WORK NEEDED 


Further work needed with parathion and closely related materials 
for citrus scale insect control—The outstanding results obtained with 
parathion in citrus scale insect control offer promise for the first time 
that it may be possible to get away from oil sprays and fumigation. 
The work with parathion ‘and related compounds should be pushed 
as rapidly as possible in order that there may be developed a material 
that will give adequate control without undue hazard to the operator, 
which is the most serious shorte oming of parathion. 

Studies of insect problems in Rio Grande Valley citrus orchards 
needed.—Apparently because of a favorable condition affecting para- 
sites and other natural enemies, citrus insect problems in the Rio 
Grande Valley have been much less serious than in other producing 
areas. A study of this situation is needed, since the information 
obtained could be useful in other areas where growers are now spend- 
ing large amounts of money in keeping insect pests within bounds. 
With some modification of orchard practices, it might be possible to 
increase the effectiveness of these natural enemies 

New insecticides needed for citrus thrips —Tartar emetic, an effec- 
tive material used for controlling citrus thrips suddenly became in- 
effective after 2 seasons, apparently because the insect had quickly 
developed a resistance to it. The use of DDT, another effective mate- 
rial, was followed by outbreaks of pests formerly controlled by their 
natural enemies. Further studies are needed of the numerous new 
insecticides that are becoming available in order that adequate 
effective control measures may ‘be available to growers. 

More extensive studies needed of insects affecting tropical fruits 
other than citrus.—The various tropical fruits such as avocado, mango, 
guava, papaya, and pineapple should receive much more attention 
than the -y are being given at the present time. Although much infor- 
mation on the biology of these pests is already available, information 
on control measures goes out of date rapidly with the introduction of 
newer insecticides. All of these should be thoroughly tested in order 
that their value in pest control on these fruits may be determined 
and in order to give the grower as wide a range of insecticides to choose 
from as possible. 

Better control measures needed for citrus red mite and bud mite.— 
The citrus red mite and citrus bud mite are not readily controlled 
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with parathion and some of the other newer insecticides that have been 
recently introduced. Further experiments are needed with other 
insecticides in order that the grower may have the best possible means 
of controlling these pests. 


Brotogy AND Eco.oGy or THE OrTENTAL FRUITFLY 
(BEPQ—I-0-1—Federal-State-Territory—Regular Funds) 
\. PURPOSE AND NATURE OF CURRENT WORK 


This project is designed to determine the effect of climate and 
weather on the oriental fruitfly, a serious agricultural insect pest that 
recently became established in the Hawaiian Islands and thereby 
evaluate the possibility of survival of the fly on the United States main- 
land. Investigations now under way utilize the great mountain masses 
on the islands of Maui and Hawaii to study the behavior and life 
history of the insect from tropical sea level to the wind-swept tem- 
perate-zone altitudes. The detailed biology and behavior of the insect 
is also being studied under controlled conditions in the laboratory. 
Newly designed equipment will permit the duplication of the tempera- 
ture and humidity conditions of many sections of the United States 
mainland so that a direct check will be available on the ability of the 
insect to survive in those locations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-o-1-1. Effect of temperature and humidity on the oriental fruitfly 
under controlled conditions. To determine the effect of controlled 
fluctuating and constant temperatures and humidities on the develop- 
ment, activity, and length of life of the various stages of the oriental 
fruitfly. 

I-o-1-2. Effect of climate on the oriental fruitfly under field con- 
ditions. To determine the effects of climate on the oriental fruitfly 
under pees conditions. 

I-o-1-3. Miscellaneous biological studies. To secure information 
on the phe ises of the seasonal history and habits of the oriental fruitfly 
not covered by other line projec ts. 

I-o-1-4. Hosts of the oriental fruitfly. To determine what fruits 
and vegetables the oriental fruitfly will breed in, what fruits are im- 
portant in maintaining high fly populations naturally, and the effect 
of various physical factors ‘of fruits and soil on the development of the 

various stages of the oriental fruitfly. 

[-o-1-5. “Population trends of the oriental fruitfly. To correlate 
the fluctuations of fly population with time of fruit ripening and cli- 
mate studies, in an attempt to evaluate correctly the influence of vari- 
ous fruits and critical climatic factors on fruitfly abundance. (Work 
in part under contract with private organization. ) 

I-o-1-6. Migration and movement studies of the oriental fruitfly. 
To make fundamental investigations on migration and movement of 
the oriental fruitfly, including probable direction and rate of move- 
ment and the effect of wind and other climatie factors. (Work in part 
under contract with private organization. ) 
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C. HISTORY AND EVOLUTION OF THIS WORK 


When the fly first appeared in Hawaii in 1946, Territorial agencies 
initiated simple experiments on the relation of the fly to the climate 
of high altitudes. The present project was initiated on July 1, 1949, 
and that work expanded in view of its significance to mainland agricul- 
ture. A full knowledge of the fly in relation to weather, host ‘fruits, 
parasites, and predators i is absolutely essential to a complete under- 
standing of the economic problem and its control. 


D. FUNDS—ANNUAL EXPENDITURES 
The 1950 fiscal year expenditure was about $156,300. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Hawaiian orchid industry saved —The rapidly developing orchid 
industry in Hawaii was brought practically to a standstill by the 
advent of the oriental fruitfly to the islands and the resulting em- 
bargoes on shipments. A very careful biological study of the fly in 
relation to its ability to attack the commercial flower showed that there 
was no risk involved, and it was thus possible to permit normal ship- 
ment. The results of this study not only saved an important Hawai- 
ian industry but provided a great stimulus to its future development. 

Fly shown to live 12 months in te mperate climate.—The fly has lived 
for a year in temperate zones on the mountain slopes where freezing 
temperatures occurred and where the climate in many respects ap- 
proximates that of many mainland areas. This would seem to indicate 
that many mainland agricultural areas are in jeopardy. 

Citrus fruits shown poor hosts for fly—tt has been determined that 
the oriental fruitfly does not develop in large numbers in citrus fruits 
in the Hawaiian Islands, but at higher elevations decidous fruits, such 
as loquat, apricot, and peach, permit the development of huge fly 
ais ny 

Many California fruits found susceptible —Large numbers of Cali- 
fornia fruits have been tested as fly hosts, as an essential preliminary 
to the proper evaluation of the importance of an infestation, should 
it reach the United States mainland. Many susceptible fruits have 
been found. 

Migratory habits of fly proven.—Studies have demonstrated that 
the oriental fruitfly has migratory habits that will greatly complicate 
quarantine and control measures in the event of a mainland infesta- 
tion. It has crossed an ocean strait 9 miles wide; it has been recovered 
20 miles from a release point; it can be carried on the outside of fast 
moving vehicles, and it has been observed to drift back and forth over 
large areas. 

F. SOME ADDITIONAL WORK NEEDED 


This project has been organized so recently that new research will 
not be suggested at this time. However, the following current work 
should be given special emphasis. 

Climatic studies must be extended.—It is essential that climatic 
studies in the field stations be continued until comparisons between 
seasons can be obtained and evaluated. 
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Bioclimatie cabinets required to simulate field conditions.—Since 
it is impossible to study the fly in mainland areas, it is necessary to 
bring the temperature and humidity conditions of these areas to 
Hawaii to test the ability of the fly to survive under those conditions. 
Development of special equipment necessary to accomplish this pur- 
pose is necessary. Weather data has been assembled from all the 
critical areas on the United States mainland and these will be dupli- 
cated and the biology of the fly studied in the cabinets. 


BroLoaicaL ConTROL OF THE ORIENTAL FRUITFLY 


(BEPQ—I-0—-2—F ederal-State-Territory—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to find and establish insect parasites 
and predators that may aid in the control of the oriental fruitfly, which 
is a most serious threat to fruit production in the Hawaiian islands 

and the United States. The tropical areas of the world are being 
combed for parasites and predators of the insect. The search in some 
of these areas already has been completed. Entomological explorers 
are now pushing forward into new and untried hunting grounds. In 
cooperation with State and other agencies, explorers have been sent to 
Malaya, Australia, New Caledonia, Africa, India, South China, For- 
mosa, Southern Philippines, and Thailand, ‘and are at present in north 
India, south India, Africa, Thailand, Philippine Islands and New 
Caledonia. When such insects are found, they are reared in quantity 
and then forwarded to our laboratories on Oahu. The reception and 
handling of the parasite material in Hawaii, and also the trips made 
to certain other areas to secure parasites, are financed with regular 
funds. Expeditions to certain other areas are carried on with RMA 
funds. (See statement on BEPQ—RM-b-264, Importation of Natu- 
ral Enemies of Fruitflies. Other expeditions are financed by coop- 
erating agencies. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-o-2-1. Reception of fruitfly natural enemies.—To receive and 
rear under strict quarantine all incoming shipments of fruitfly ma- 
terial from foreign countries. 

I-o-2-2. Breeding tests with introduced fruitfly natural enemies.— 
To test all introduced natural enemies for their ability to develop on 
the oriental fruitfly and other fruit flies in Hawaii, and to establish 
colonies of the successful species for subsequent breeding and lib- 
eration. 

J-o-2-3. Biological studies of fruitfly natural enemies.—To con- 
duct breeding, life history, and biological studies of the introduced 
species as may be necessary or desirable for their complete utilization 
in the biological control program. 

I-o-24. Fruitfly parasite exploration.—To secure as many natural 
enemies of fruitflies as possible and bring them into Hawaii for libera- 
tion for control of the oriental fruitfly. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Exploration for oriental fruitfly parasites was begun by Territorial 
agencies in 1948. This work was expanded by the Bureau and the 
group of cooperating agencies in 1949, and further expanded in 1950. 
These explorations have been remarkably successful. Many parasites 
are now attacking the oriental fruitfly in the field with great vigor. 
There is, of course, always the possibility that a new kind will turn. up 
from any given area. However, the most valuable species have prob- 
ably been received from the areas already explored. 


D. FUNDS—ANNUAL EXPENDITURES 
The expenditure in fiscal year 1950 was about $44,900. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Forty kinds of fruitfly parasites found—One million, four hundred 
thousand fruitfly puparia were collected by entomological explorers 
of the Department and its cooperators in Australia, New Guinea, New 

Caledonia, Africa, India, China, Formosa, and the Philippines. ‘These 
were reared under strict quarantine and produced nearly 75,000 adult 
parasites of at least 40 different kinds. 

Special techniques required already developed.—Special culture 
techniques, developed for flies and their parasites, have been devel- 
oped and have greatly increased the efficiency of breeding operations. 

Three introduced parasite s alre ady widespread.—The establishment 
of three of the introduced species has been shown to be island-wide, 
and in many cases parasitism has very greatly reduced fruitfly infesta- 
tion in Hawaii. 

Biological studies of parasites yield valuable information.—The en- 
largement of our alien lve of the biology and habits of these bene- 
ficial insects has been material and will contribute to progress in insect 
control in many branches of agriculture. 


F. SOME ADDITIONAL WORK NEEDED 


Additional biological studies of parasites desirable—Substantial 
progress made in this work project has greatly reduced the anticipated 
time of its operation. It is now considered possible that exploration 
will be completed, except for small-scale mopping up operations, in 
1951. Extending these operations into 1952 will enable certain bio- 
logical studies to be brought to completion. Evaluation of the effect of 
the various introduced parasites on the oriental fruitfly will require 
continued attention. 

Increasing the effectiveness of natural enemies ——Methods of in- 
creasing the effectiveness of the more important parasites deserve in- 
vestigation. 
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CuemicaL ContTro. or THE OrreENTAL FRUITFLY 
(BEPQ—I-0-3—F ederal-State-Territory—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to provide the orchard grower on the 
United States mainland with methods of chemical control of the 
oriental fruitfly, a pest that is extremely destructive in Hawaii, and 
which might become of great importance on the mainland if it should 
gain entrance. a current work is particularly concerned with two 
main objectives: (1) The testing of insecticides as direct fly controls; 
and (2) the aaa of lures and repellents. This project is 
using all of the resources of the insecticide industry allied with ento- 
mologists highly trained in the techniques of this field. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-o-3-1—Preliminary laboratory testing of insecticides. ‘To test 
available chemicals by standard laboratory procedures in order to 
determine those most toxic to the oriental fruitfly and to evaluate under 
laboratory conditions the residual effectiveness of certain insecticides 
on fruit or foliage taken from field-sprayed trees after known periods 
of weathering. 

I-o-3-2—Field testing of insecticides. To develop by the use of 

small- or moderate-sized plots effective chemicals, formulations, or 
mixtures to control the oriental fruitfly by direct contact action; 
residual action, as systemic poisons; or by defruiting or defoliating 
host plants. To determine the length of residual action and factors 
affecting it, the effect of the insecticides on plants, their effects on fruit 
quality and on other pests encountered in conjunction with the fruit- 
fly. To determine by chemical analysis the resistance of the spray 
deposits to weathering, absorption, or decomposition. 

I-o-3-3—Determination of poison-spray residues in and on fruit 
at harvest. To determine at what strength and how close to harvest 
each insecticide or spray mixture that shows promise can be used on 
fruits without exceeding the limits of safety to the consumer. 

I-o-3-4—Development of treatments and equipment to disinfect 
aircraft and ships against fruitflies. To develop treatments to free 
ships and aircraft from infestation by fruitflies. 

I-o-3-5—Development of strains of fruitflies resistant to insecti- 
cides. To determine if flies that survive treatment are inherently 
more resistant to insecticides than the average population and if this 
greater tolerance will result in the development of so-called resistant 
strains after several years’ use of insecticides. 

I-o-3-6—Development of fermenting or nonfermenting lures or 
attractants. To develop chemical attractants or lures for use in traps 
or poisoned feeding stations as a possible means of direct control, 
for use with insecticides to enhance their effectiveness, and for use in 
surveys to find out whether the insect is present in a locality or to de- 
limit infestations that may be found on the mainland. 

I-o-3-7—Development of chemical repellents or barriers. To 
develop chemical repellents or barriers which may be applied directly 
to plants or fruit or located in their vicinity to protect them against 
fruit fly attack. 
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Cc. HISTORY AND EVOLUTION OF THIS WORK 


Since early in the century efforts have been made to develop ade- 
quate insecticide-control measures for various species of fruitflies. 
For the most part, these efforts have been unsuccessful. The advent 
of the new organic insecticides has completely changed the picture. 
Soon after the oriental fruitfly.appeared in Hawaii, a number of tests 
were made with the newer insecticides with promising results. In the 
summer of 1949 this work was greatly intensified, and the present 
project was formally established. Current major emphasis is on (1) 
the testing of new insecticides, and (2) the development of a success- 
ful lure for the female flies that could be used with a poison. 


D. FUNDS—-ANNUAL EXPENDITURES 


About $84,900 was expended in fiscal year 1950. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Several insecticides found promising for fruitfly control_—Numer- 
ous coded and most available experimental insecticides have been 
tested against the adult oriental fruitfly as residual and contact 
sprays. Among the most promising were dieldrin, aldrin, DDT, 
Dilan, parathion, and certain related phosphate compounds. 

Resistance of fly to DDT found affected by diet. Diet has been 
found to affect the resistance of the fly to DDT. When a special pro- 
tein compound is made part of the fruitfly diet, resistance to DDT 
is increased. 

Wettable powders more effective residual sprays than emulsions.— 
At the concentrations required for residual action, all materials tested 
gave practically 100 percent kill of flies present at time of spraying. 
Ina guava area, where 54 plots were laid out by bulldozing trails to 
make them accessible, EPN, parathion, lindane, dieldrin, aldrin, Dilan, 
and DDT wettable powders were promising at concentrations of 1 to 
2 pounds of the poison per acre. These insecticides include several 
in common commercial use on the mainland; and, in the event of an 
outbreak there, DDT, parathion, and EPN could be immediately put 
to use. Parathion and EPN will be valuable at lower concentrations 
where little residual action is wanted, such as on ripening fruit that 
is most attractive to the fly. Dieldrin and aldrin would be useful 
in areas of wild, nonedible hosts. Dilan and DDT, because of their 
long residual effect, would be most useful for treating large areas 
at long intervals. 

Defoliation of wild host plants found important.—Guava, the most 
important local wild host, can be defoliated and set of the current 
fruit crop prevented by the application of sodium monochloroacetate 
at not less than 30 pounds per acre. Fruit production can be greatly 
reduced with lesser amounts. The use of this material would eliminate 
or reduce the number of flies produced. 

Protection of mainland found dependent on disinsecting of ships 
and aircraft.—The disinsecting of aircraft and ships against fruitfly 
is an essential to the protection of the mainland. Dielddrin, aldrin, 
chlordane, lindane, and Dilan were all found to be more effective than 
DDT in aerosol fogs (aldrin and dieldrin about 10 times), and where 
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these materials can be used safely a choice of space sprays is available 
for immediate use. 

Automatic aerosol dispenser found more effective for fly control in 
aircraft than hand dispenser.—In flight tests between Guam and 
Honolulu, the automatic insecticide-dispensing system was more ef- 
fective in aircraft than was the hand dispenser. 

Present aerosol formula found inadequate for fly control in air- 
craft after passengers have entered. The currently used aerosol 
(G-651) is inadequate for the control of flies that may board planes 
after the preloading treatment of 30 grams per 1,000 ¢ ubic feet, since 
passengers cannot be subjected to more than 7.5 grams per 1,000 cubic 
feet. 

Oriental fruitfly found more resistant than melon fly to DDT.—I\n 
aerosol tests, the oriental fruitfly was more resistant to DDT than 
was the melon fly. Free-flying flies could tolerate more than caged 
flies, and flies 8 to 24 days of age were more resistant than younger 
or older flies. 

Powerful new lure found for male fruitflies —A male lure, remark- 
able for its attractiveness and potency, has been discovered. Methy] 
eugenol will attract flies one-half mile or more against the wind and 
will reveal the presence of males in a matter of hours in areas free of 
the fruits on which the flies breed, if weather conditions permit ac- 
tivity. In 7 months, more than 2 million male flies have been cap- 
tured in 30 glass traps and in 5 months nearly 1 million in 45 box 
traps painted o r sprayed inside with a methyl eugenol-parathion 
mixture and eaten on the rims of gulches surrounding a 125-acre 
pineapple field. These findings give a preliminary basis for an en- 
tirely new method of control. This method would differ from all 
other chemical methods in that it would be entirely innocuous to bene- 
ficial insects. 

New techniques and apparatus developed.—An insect olfactome- 
ter—a device for determining the attraction of various chemicals 
for insects—has been made that has greatly facilitated the testing 
of chemical compounds for lures for the female fly. This and other 
devices developed in Hawaii will materially benefit the whole field 
of insecticidal control of insects. 


F. SOME ADDITIONAL WORK NEEDED 


Present line projects, which were established in 1949, cover the en- 
tire field as now visualized. In the immediate future, special emphasis 
should be placed on the following: 

Laboratory testing of insectic ides against the oriental fruitfly is a 
continuing process. New compounds must be tested as they become 
available. 

Better lures to trap fruitflies needed.—The work on lures is still in 
the preliminary stages and considerable attention will be given to 
it. A lure that would strongly attract female fruitflies is much needed. 
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AREA CONTROL OF THE ORIENTAL FRUITFLY 
(BEPQ—I-0o-4+—Federal-State-Territory—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop methods and techniques 
that can be used in the event an incipient infestation of Dacus dor- 
salis, the oriental fruitfly, is found on the United States mainland. 
This fly, which is a most serious agricultural insect pest wherever it 
occurs, is not now known to occur in the United States, but may be 
carried in by commerce. ‘This project is essentially a short-term emer- 
gency one. For this reason, many short cuts have been made and 
decisions reached on relatively large-scale operations, which would, 
under normal practices, have been delay ed until more detailed results 
could be obtained from the chemical-control project. The current pro- 
cedure has been to seek various categories of infested areas and to 
attempt to control the fruitfly with the best known combinations 
of insecticides available. At the same time, basic data are being ob- 
tained leading to a large-scale operation that would serve as an 
example of the operations that would be required to control or eradi- 
cate the pest should it become established on the mainland. Learning 
how to effectively control an insect as versatile as the oriental fruit- 
fly, when large areas rather than single orchards are to be considered, 
is a difficult and costly process, but its acomplishment will establish 
a firm line of defense for the farmers of the United States. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-o-4—-1— Insecticidal control. To determine the relative effective- 
ness of different insecticidal sprays, dusts, and lures for controlling 
the oriental fruitfly on an area basis. 

I-o-4+-2—Cultural control. To study the effectiveness of different 
herbicides and defruiting hormones, and to develop crop sanitation 
and quarantine procedures for reducing oriental fruitfly populations 
over large areas not necessarily subject ‘to insecticidal control. 

I-o-4—-3— Evaluation and improvement of equipment for large- 
scale application of insecticides. To study the effettiveness of dif- 
ferent types of ground and air equipment suitable for use in area- 
control operations on such specialized environments as residential 
localities, farm land, and native breeding areas. 

I~o-4-4—Surveys. To develop proe edures for conducting surveys 
to delimit infestations, determine degrees of infestation, study sea- 
sonal fluctuations of populations, and to note fly movements with 
regard to possibilities of reinfestation of the tree ited area 

I-o-++—5—Relationship of large-scale use of insectic ius to bio- 
logical control. To study the relationship between insecticidal and 
biological control during large-scale area-control operations. 

I-o-4-6— Apparatus and techniques. To develop apparatus and 
techniques for facilitating the various tests undertaken in laboratory 
and field area-control studies. 

I~o-—7—Studies on Lanai. To determine the effectiveness and 
practicability of large-scale area-control operations on a comparatively 
small, isolated area (island of Lanai), where danger of reinfestation 
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following treatment is minimized, and to carry on related studies 
that may assist in developing area-control procedures against the 
oriental fruitfly. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Plans were formulated beginning in 1948, but this work was started 
in the summer of 1949. The oriental fruitfly is a new pest and its 
reaction to its environment and its susceptibility to control measures 
of all kinds must be studied and evaluated. ‘This project uses the 
current data of all of the other fruitfly projects and applies them, 
incomplete as they may be, to large-scale operations. 


D. FUNDS—ANNUAL EXPENDITURES 
Expenditures in fiscal year 1950 amounted to $77,100. 
E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Airplane-dispersed insecticides found to reduce fly populations 
greatly. — Insecticide tests on the deep, guava-infested gulches, using 
the airplane to apply the insecticide, ‘resulted in great reductions 
in both adult and larval populations. 

Dilute insecticide sprays found effective for oriental fr uitfly control 
in urban areas.—A very effective treatment was obtained when DDT 
was applied as a dilute spray to urban areas with host fruits. Results 
showed a 98 percent reduction. It is believed that these dilute sprays 
together with other control measures, such as sanitation procedures, 
when properly applied might be expected to eradicate fruitfly 
populations in localized area 

Fog sprays found promising —Fog-apray treatments have given 
very promising results in view of the rapidity and frequency with 
which large areas could be covered by this method. 

Wild fruit host defoliation holds promise in area control of oriental 
fruitfly—The defoliation of wild host fruits has resulted in practi- 
cally complete elimination of the guava crop—a method analogous to 
the fruit-removing techniques that could be applied in mainland 
orchards. 


F, SOME ADDITIONAL WORK NEEDED 


Equipment and formulations needed —Information is required on 
the best types of equipment and formulations for use in controlling 
fruitflies in large areas of rugged terrain. 

Control of wild host trees.—A careful appraisal of chemical defo- 
liation of wild host trees is needed before the method is used exten- 
sively. 

Large-scale area control indispensable.—An isolated, infested area 
should be studied as a basis for attempting a large-scale, high degree 
control program in which all of the known control methods deve loped 
would be applied against the fruitfly. The results of such a study 
could be applied on the United States mainland should eradication of 
an incipient infestation become necessary. 
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Destruction or THE OrtenTAL FrRurrrity py Commoprry TREATMENTS 
(BEPQ—I-0—-5—Federal-State—-Territory—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this project is to establish commodity treatments 
that wall eliminate infestation of the oriental fruitfly in fruits and 
vegetables and permit the farmer to export them if economically 
feasible. The Hawaiian farmer is sorely beset with quarantines 
against the export of his commodities because of the fruitfly. These 
quarantines have severely limited the small farmer and in many in- 
stances have served as a complete barrier against the most effective 
use of small farm holdings. The protection of the United States 
mainland against the introduction of the oriental fruitfly without 
undue interference with commerce is the primary purpose of com- 
modity treatments. The current work is: (1) To improve all of 
the known methods of commodity treatment, (2) to greatly increase 
the number of materials that can be used for this purpose, and (3) 
to test previously untried methods. This work is of greatest im- 
portance to mainland fruit areas in providing procedures by which 
fruit and vegetables might be made safe to ship out of such areas 
should they become infested by the oriental fruitfly. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-o-5-1—Development of mortality-time-temperature curves under 
vapor-heat sterilization. To establish specifications for treatment by 
vapor heat of local products to guarantee them safe for shipment to 
mainland markets without danger of introducing the oriental fruit- 
fly. 

I—o—5-2— Development of mortality-time-temperature curves under 
low temperatures. To develop low-temperature specifications to per- 
mit movement of fruits and vegetables beown the Hawaiian Islands to 
mainland markets without danger of introducing fruitflies. 

I-o—5-3—Development of time-dosage-mortality curves under 
methyl bromide fumigation. To establish specifications for the fumi- 
gation of local products to guarantee them safe for shipment to main- 
land markets without danger of introducing the oriental fruitfly. 

I-o-5-4+—New and previously untried fumigants tested for use in 
commodity treatments. ‘To test new materials for possible value as 
fumigants for commodity treatment to kill oriental fruitfly larvae. 

I-o-5-5—Dips for commodity treatments. To investigate the pos- 
sibilities in the use of dips for treatment of flowers and ornamental 
plants to destroy immature stages of the oriental fruitfly and permit 
shipment without danger to mainland markets. 

I-o-5-6—Application of radiation to commodity treatments. To 
investigate the application of various methods of radiation as a means 
for destroying fruitfly infestation in products. 

I-o-5—i—Infestation indexes in commercial grade fruits and vege- 
tables. To determine the degree of fruitfly infestation in commercial 
grade fruits and vegetables in order to obtain an accurate estimate of 
the hazard involved of spreading the oriental fruitfly in these com- 
modities. Infestation indexes obtained can be used for calculating 
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the extent of treatment required to guarantee movement of com- 
modities to mainland markets without danger of introducing the pest. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Commodity treatments have been studied in Hawaii for many years, 
since quarantines on account of both the Mediterranean fruitfly and 
the melonfly have been in force since 1912. The fruitfly laboratory 
established in Honolulu in 1930 had commodity treatments as one of 
its major projects and much basic work was done at that time. When 
the oriental fruitfly came in, the situation became much more serious 
because of the many fruits and vegetables attacked by it. Actually 
treatments necessary to insure freedom from the oriental fruitfly are 
usually more severe than those required for the other fruitflies, so that 
establishing safety levels of treatment for it insured freedom from the 
others. This phase of the work was intensified during the summer of 
1949. The immediate need is to relieve the local situation, but the 
data are all basic to the fundamental problem of shipment of infested 
commodities and the proper administration of quarantines throughout 
the United States. 


D,. FUNDS-—-ANNUAL EXPENDITURES 


a mw 


The expenditure in fiscal year 1950 was about $77,900. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Many local commodities can now be shipped.—Papayas, zuccini 
quash, bell pepper, and tomatoes, formerly prohibited, can all be 
exported following the application of the vapor-heat treatment as 
worked out under this project. 

Vapor-heat treatment modified—This modification has served to 
reduce the time involved and yet retain the safety factor. It has been 
learned that the long period of heating the commodity up to the 
maximum temperature required can be greatly reduced and this modi- 
fication has been approved for papayas. Other commodities must 
first be tested for tolerance to the new method before general recom- 
mendations can be made. 

Pineapple shipments already resumed.—F ollowing fumigation with 
methyl bromide gas, it is now possible for fresh pineapples to be 
shipped to the United States mainland and markets lost to foreign 
products can now be restored. These findings are of particular value 
to the small grower whose production is limited to fresh fruit. 

New fumigants found effective against oriental fruitfly—Over 50 
new fumigants have been tested to determine their effectiveness against 
this pest. Three materials, ethylene dibromide, ethlyene dichloride, 
and ethylene chlorobromide, seem most promising, and the results to 
date are encouraging. 


F. SOME ADDITIONAL WORK NEEDED 


The line projects set up to cover the expanded program that started 
during the summer of 1949 cover the needed activities in this field. 
However, the work along the lines indicated below should be inten- 
sified as much as possible. 
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E'me rgency com modit y treatments —M: any times treatments are 
established on an emergency basis. They are usually very severe 
These should be refined. In m: iny cases suitable research can result 
in modification of the treatment when refinements are carefully studied 
in relation to the natural infestation of fruitfly found in the 
commodity. 

New Fumigants desired.—Screening tests have revealed a number of 
new fumigant possibilities which should be thoroughly explored. 
Initial tests are made primarily from the standpoint of insect mor- 
tality. The tolerance of commodities varies so greatly that determin- 
ing the safety of a given treatment on the basis of a few local fruits 
might limit unnecessarily its value for use on other fruits on the 
mainland. 


PHYSIOLOGY OF THE ORIENTAL FRUITFLY 
(BEPQ—I-0-6—Federal-State-Territory—Regular Funds) 
\. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to obtain basic information on the phys- 
iology of the oriental fruitfly, which threatens agriculture in the 
Hawaiian Islands and in the United States. This project deals with 
the problems of growth, nervous system, sense organs including the 
mechanical and chemical senses, behavior, respiration, digestion and 
nutrition, excretion, metabolism, and reproductive system. This fun- 
damental information is needed as a sound basis for developing vari- 
ous control measures. 


B. CURRENTLY ACTIVE LINE PROJECTS 
None. 
Cc. HISTORY AND EVOLUTION OF THIS WORK 


Physiology as a separate division of entomological science is rela- 
ti ively new and trained workers are very scarce. This project was 
activated in the closing month of the fiscal year 1950 and is now 
being developed to permit the setting up of suitable line projects. It 
has = rps been demonstrated in other work projects that the be- 
avior of an insect may be a major factor in the success or failure of 
many control measures. BY taking a fundamental approach it is 
heed to clarify eo of the questions about the oriental fruitfly that 
have already arisen. Data, methods, and techniques developed will 
undoubtedly be ae tremendous value in solving similar problems for 
other insects. 


} 


D. FUNDS—ANNUAL EXPENDITURES 
About $5,700 was expended in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


None. 
F. SOME ADDITIONAL RESEARCH NEEDED 


The entire subject is a new one, since no fruitfly has ever been the 
subject of study by trained physiologists. Future needs will be dis- 


} } 
covered as WOrk progresses, 
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IMPORTATION OF NATURAL ENEMIES OF F RUITFLIES 
(BEPQ—RM-b-264—Federal-State-Industry—RMA and Special Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To search in foreign countries for effective natural enemies of fruit- 
flies and import them into Hawaii for control of the oriental and 
Mediterranean fruitflies and the melonfly. Such control will not only 
permit economical production of fruits and vegetables in Hawaii but 
will be a measure of protection against entry of these pests into the 
continental United States. This project is in cooperation with State 
and private organizations. Currently, the work consists of a search 
through north India, East, South, and West Africa, the Philippine 
Islands, and Thailand for effective fruitfly parasites and their ship- 
ment in the living condition to Hawaii for the control of fruitflies. 

Certain other parasite expeditions, and the reception and handling 
of the parasites in Hawaii, are carried on with regular funds. (See 
statement on BEPQ I-o-2, Biological Control of the Oriental Fruit- 
fly.) Parasite exploration in certain other countries is also being 
carried on by cooperating agencies. 


B. CURRENTLY ACTIVE LINE PROJECTS 
(Not subdivided into line projects. ) 
C. HISTORY AND EVOLUTION OF THIS WORK 


Biological control work on the Mediterranean fruitfly and the 
melonfly was first undertaken by Hawaii in 1913 when a number of 
species of parasites were imported from Australia, Africa, and India. 
Three species were established upon the Mediterranean fruitfly and 
became abundant, effecting an appreciable degree of control in shallow- 
pulped fruits such as coffee. One species was established upon the 
melonfly but without appreciably reducing its destructiveness. In 
1935-36 Department entomologists undertook a further importation 
program from Malaya, India, East and West Africa, and Brazil, under 
an allotment from the sugar processing tax fund, but this activity 
was discontinued after a few months and no parasite species were 
established. ‘The discovery in Hawaii in 1945 of the oriental fruitfly, 
a much more destructive species, necessitated a renewal of the program, 
as most parasite species attacking fruitflies prey only upon closely 
related species and those already present in Hawaii did not attack the 
oriental fruitfly. The latter especially presents a serious threat to the 
continental United States, because of possible entry on aircraft. A 
reduction in the infestations in Hawaii, through natural enemies, 
will provide some degree of protection. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures in fiscal year 1936 under the sugar processing tax fund 
amounted to $50,000, and the current work, beginning with fiscal year 
1949, involves expenditures of RMA funds totaling about $50,000 per 
year. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Large quantities of fruitfly puparia, containing at least 20 parasite 
species, were imported from India, Africa, and the Philippine Islands 
during 1949-50, but the outcome, in terms of establishment and control 
of the pest, will not be known for several years. 


F. SOME ADDITIONAL WORK NEEDED 


None other than completion of current work. 
Crrrus CANKER SuRVEY 
(BEPQ—Federal-State—Incipient and Emergency Outbreak Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


This cooperative work program aims to detect infections of citrus 
canker that may persist in Texas and Louisiana where this introduced 
disease was previously known to occur. Currently, the work involves 
intensive inspections of areas where there is a likelihood that infec- 
tions may persist. Attention is especially directed to host trees that 
occur in uncultivated sections, or abandoned groves, and in door- 
yard or ornamental plantings. The work is carried on during periods 
of the year when infections can be most easily observed. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Does not apply. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Citrus canker, a highly infective, destructive disease of citrus, 
native to the Orient, was accidentally introduced into Texas on nur- 
sery stock from Japan about 1911. It spread rapidly and became 
established in parts of 79 counties in Alabama, Florida, Georgia, 
Louisiana, Mississippi, South Carolina, and Texas, being discovered 
at Monticello, Fla., in September 1912. The destructiveness of the 
disease was well established and the threat to the very existence 
of the citrus culture in the Gulf States was quickly recognized. The 
only method of combating the disease was detection and prompt 
destruction by burning of infected trees, including disinfection of 
tools and other articles that may have become contaminated. In 1915 
the Department and affected States inaugurated an intensive coopera- 
tive program to eradicate the disease. This was carried on under 
police power of the States and included private cooperation eR 
destruction, without compensation, of all infected or directly exposec 
trees. Approximately 20,000,000 citrus nursery and orchard trees 
were destroyed in the course of the eradication campaign. The direct 
losses to growers were heavy. The cooperative effort resulted in the 
eradication of the disease from all commercial citrus-producing and 
uursery areas and later from all other areas as far as now known. 
No infection has been found in South Carolina since 1916, in Georgia 
since 1917, in Mississippi since 1922, and in Alabama and Florida since 
i927. It is believed the disease has been eradicated from these States. 
The last infection found in Louisiana was in 1940, and in Texas in 
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1943. It is believed the disease has also been eradicated from these 
States. Experience has demonstrated, however, that infections can 
persist in a more or less dormant state for a number of years. There 
is a possibility that incipient infections may persist in noncommercial 
sections, especially where host trees occur in uncultivated areas, in 
dooryards, or in hedgerows. Since 1948, a joint Federal-State survey 
program has been under way in such situations in Texas and Louisiana, 
in locations where infection was previously known to occur. Inten- 
sive inspections will be necessary to insure that the disease has been 
eradicated. 'To date no infections have been found. 


D. FUNDS—-ANNUAL EXPENDITURES 


From 1915 to 1935, Federal and State expenditures amounted to 
nearly $5,000,000. The effort to eradicate the disease was augmented 
by allotments from appropriations for relief work, ranging from 
$128,700 in 1936 to $24,700 in 1942, and averaging $89,400 per year. 
These WPA funds made possible the removal and destruction of many 
abandoned groves, escaped citrus trees, and hedgerows in Texas and 
Louisiana where the dsssb might persist and contributed to the 
eradication effort. From 1935 to 1944 annual expenditures averaged 
$12,800 Federal and $13,800 State funds. Expenditures for surveys 
in the fiscal year 1948 were $18,000 Federal, and $20,000 State funds; 
in 1949, $18,000 Federal and $20,000 State funds; and in 1950, $12,000 
Federal and $3,900 State funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The protection of citrus culture from a destructive introduced 
disease through the eradication of citrus canker from the United 
States will be an unparalleled accomplishment. The benefits to date 
have permitted the growth and development of an industry of immense 
importance to agriculture and the consuming public. Had the disease 
persisted, citrus culture in Florida, Texas, and the Gulf States would 
have been under a handicap that would have affected the economy 
of the area and country and would have endangered citrus culture 
in California and other Western States. 


F. SOME ADDITIONAL WORK NEEDED 


If no infection is detected, the surveys now under way should be 
continued at least 1 more year in Texas and 2 years in Louisiana. It 
should then be safe to conclude on a sound biological basis that no 
vestige of the disease remains and that this introduced destructive 
plant pest has been eradicated from the United States. 


Avocapo, Fig, Manco, AND MisceLLANrovus SusrropicaL Frutr 
Propuction, DISEASES, AND IMPROVEMENT 


(BPISAE—b-—2-2—Federal—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The objectives of the research on the major subtropical fruits are 
their commercial improvement and increased production by means of 
(1) developing new and improved varieties, (2) increasing blossom- 
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ing and fruit set by plant hormones and cultural practices, (3) selec- 
tion of better rootstocks, and (4) the control of their various diseases. 

Most important, insofar as commercial culture is concerned, are 
the avocado, fig, mango, and papaya, and these are receiving major 
attention. A number of others appear to have distinct commercial 
possibilities in the United States proper, including the lychee, pine- 
apple, and jaboticaba, but within the limitations of funds and per- 
sonnel these minor fruits receive little attention, directed chiefly 
toward determining their adaptability for different sections and soil 
conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-2-1—F ruit yields and quality of avocados, papayas, and man- 
goes. E xperiments are conducted on breeding and selection of im- 
proved varieties, rootstock trials (for avocados), flower bud forma- 
tion, and the relation of plant aliaauon to fruit set and maturity. 

b-2-2-2— Avocado, papaya, and mango diseases—to determine their 

cause ad the factors governing infection and spread, and to devise 
a improve control measures. The primary diseases studied under 
this project are scab, black spot, and root rot of avocado; anthracnose 
of mango; and leaf and fruit spots of papaya. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Only sporadic work without formal project outline was done on 
these subtropical fruits between 1900 and 1935. The early work was 
largely restricted to the introduction and testing of new varieties. 
Pineapple growing, a thriving industry in Florida early in this cen- 
tury, disappeared due to disease and to competition with Cuban and 
Puerto Rican production. The avocado industry in Florida, however, 
has grown steadily and now approximates 10,009 acres. With this 
expansion has come a serious increase in orchard and fruit diseases, 
changes in the market requirements for varieties of certain size, shape, 
quality, and season of maturity, and the appreciation that much can 
be done to improve production through proper cultural practices and 
rootstock selection. The culture of mangoes and papayas is re- 
stricted by climatic conditions chiefly to southern Florida. With both 
fruits the principal need is the development of improved varieties. 
The earlier work on introduction of the Blastophaga fly for pol- 
lination of Smyrna-type figs was basic to the establishment of that 
industry in California. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures prior to 1935 varied from $1,000 to $5,000 annually. 
Since that date allotments have ranged from $12,000 to $29,670 in 
1947, to $16,250 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Breeding of improved papaya varieties—A number of improved 
papaya varieties have been introduced and are widely used. Through 
years of crossing, strains of uniform fruits of medium size and high 
quality suitable for commercial production have been developed. 
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Some of the better known USDA varieties are Fairchild, Orlando, 
and Kissimmee. 

Control measures developed for avocado scab and mango anthrac- 
nose.—Studies of the nature and methods of infection of these disease 
organisms led to the development of spray schedules using copper 
sprays for control. An important aspect of the work was the timing, 
with respect to blossoming and stage of fruit development, of the 
several applications necessary for practic al control. 

Pollination requirements for avocados—The Florida varieties of 
avocados have been classified as to their pollination requirements. 
Varieties are either of the A or B type, depending upon the time of 
day of flower opening and development of the sexual organs. A and 
B varieties should be interplanted for best fruit setting results. ‘Thus 
the study of this unusual flower behavior in avocados and the classi- 
fication of varieties as to type is of great commercial importance. 

ig pollination —The introduction ‘and establishment of the Blasto- 
phaga fly, essential for the pollination of Smyrna-type figs, resulted 
in the development of that industry in California. Prior to that work, 
the Smyrna-type figs, now the most important in the State, were 
almost totally unproductive. 


F, SOME ADDITIONAL WORK NEEDED 


More work needs to be done on bree ding and selection of ene prove d 
varieties of all of the subtropical fruits. Research on subtropical 
fruits, other than citrus, dates, figs, and avocados, has been sorely 
neglected by research agencies in general. . This is due to the pressure 
for solution of problems of more economically important crops. Fun- 
damental studies on their flowering and fruiting behavior and their 
response to varied cultural conditions would greatly further the pro- 
duction of these fruits. 


Dare Propuction, Diseases, AND IMPROVEMENT 
( BPISAEK—b-2-3—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop and test principles, practices, and varieties with a view 
to promoting the sound development of the date industry. Most of 
the research is concerned with production problems suc h as pruning 
and thinning methods, fertilization, irrigation, and soil management 
practices, pollination problems, and the t testing of new varieties for 
commercial promise. Much of this is done cooperatively with growers 
in commercial orchards. Because of the nature of tree crops, this 
type of research must be continued for many years so that the effects 
of changing seasonal factors may be adequately assayed. A major 
phase of the current work is directed toward discovering the causes 
of several common unsightly fruit blemishes and devising methods 
for improving the eye appeal of date fruits. Because date culture 
requires an unusual amount of hand labor, it is necessary for the 
American date industry to produce a high quality fruit with sufficient 
added appeal to sell at a premium over the cheaper imported dates 
that have returned to the market since the close of World War II. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-2-3-1—The relation of mineral nutrients and soil moisture sup- 
ply to improvement in yield and quality of date fruit. To determine 
the most desirable fertilizer and irrigation practices to produce the 
highest yields of the premium quality dates. 

b-2-3-2—Relation of leaf area and amount of fruit per bunch to 
yield and quality of date fruit. To evaluate the effect of severity 
of leaf pruning and amount of bunch thinning on total yield, and the 
proportion of premium quality fruits produced. 

b-2-3-3—Cover crops and soil management practices for improve- 
ment of date growing. Chemical studies have been undertaken with 
soils from date orchards to evaluate the long-term effects and ultimate 
value of certain soil management practices such as turning in chopped- 
up prunings, and heavy applications of organic matter. 

b-2-3-4—Pollination studies to improve size, quality, and yield of 
date fruit. These studies are designed to evaluate the effect of 
various methods of handling and storing date pollen, methods of ap- 
plication, sources, and seasonal factors on the set (percentage of flow- 
ers developing into fruit), and the quality of fruit produced. Pollen 
produced by male palms is applied by hand to the flowers of female 
palms in commercial date culture. 

b-2-3-5—Adaptability and value of certain date varieties for com- 
mercial crop production. Some promising new imported varieties are 
being tested on a semi-commercial scale with poe. peer growers in 
strategically located areas representative of a wide range of soil and 
climatic conditions. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Around 1900 the United States Department of Agriculture made 
several importations of date “offshoots,” or suckers, of the important 
commercial date varieties from the Mediterranean and Persian Gulf 
regions. Experimental plantings were established in California and 
Arizona in cooperation with the agricultural experiment stations of 
those States. In 1907 land was donated to the USDA near Indio, 
Calif., for the purpose of establishing experimental plantings of dates. 
At this location the USDA still supports a field station devoted largely 
to the study of date production problems. In the early years, the prin- 
cipal emphasis of the work was testing the many imported varieties 
for adaptability to the climatic and soil conditions in the desert area 
of the Southwest known as the Lower Colorado Basin. As appre- 
ciable acreages of the varieties came into commercial production, em- 
phasis was shifted to the production problems. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Funds spent on date research have grown from an initial appro- 
priation of an estimated $10,000 Es year in 1907 or 1908 to between 
$20,000 and $30,000 per annum by 1925, and have remained essen- 
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tially at this same level for the past 25 years. The 1950 allotment was 
$33,140. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Introduction of superior Mediterranean and Persian Gulf commer- 
cial date varieties into the United States and the development of the 
American date industry to its present position is in very large measure 
a direct result of the activities of the USDA. A vast number of 
imported varieties from the Old World were tested, but only about 10 

roved to be of commercial value in the Southwest. These are the 
asis of the industry today. 

Pollination studies with dates have demonstrated that pollen from 
certain male varieties tends to induce early ripening, and otherwise 
influences fruit development. Growers make practical use of this 
knowledge in districts where dates tend to ripen later than desirable 
by using pollen from male varieties that induce early ripening. In 
addition, a method has been dev eloped for preventing the sometimes 
disastrous effect of cold weather on fruit set. In the past, cold weather 
occurring in the early part of the pollination season some years caused 
serious reduction in yield because of poor set. 

Leaf pruning and bunch —e experiments conducted over many 
years with most of the important commercial date varieties showed 
the important relationship of these practices to the maintenance of 
high yields of premium quality fruit. The pruning and thinning 
methods now rhsiniaaeied are based on these studies, and are widely 
used by commercial date growers. 

Irrigation studies with dates indicated to growers that many of the 
areas of low-vigor palms in their orchards were caused by poor water 
penetration and hence inadequate moisture supply. These studies 
emphasized the importance of ane soil moisture throughout the 
season, but especially in the period of rapid fruit development, for 
producing heavy yields of high-quality fruit. These studies have 
formed the basis for improved irrigation methods by growers, and 
consequent increased returns. 

Technical studies.—Not all of the studies undertaken with dates or 
other crops have had immediate, practical application in solving cul- 
tural problems. Often the objective of some studies is simply to ‘Jearn 
as much as possible about the structure and growth processes of the 
plant in question, and the factors that influence them. The back- 
ground of technical knowledge gradually acquired from such studies 
frequently provides tools or channels for reasoning that help in the 
solution of practical problems. For example, laboratory stucies on 
factors affecting date pollen germination in test tubes showed that it 
germinated very slowly, if at all, at temperatures below 60° F. This 
furnished the key that made possible the isolation of the cause of poor 
fruit set under orchard conditions, and suggested a control measure 
that subsequently proved to be the practical solution of the problem. 


F. SOME ADDITIONAL WORK NEEDED 


Because funds available for date research have remained relatively 
static for the past 25 years, the tempo of work has slowed down appre- 
ciably during the last decade because of the sharp increase in the costs 
of supplies and services. During this 25-year period the date industry 
established by the United States ‘Department of Agriculture has grown 
from less than 1,000,000 pounds annual production to more than 30,- 
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000,000 pounds in 1950. The recent completion of the Coachella 
Branch of the All American Canal is now opening new lands suitable 
for date culture. This region now produces about 80 percent of the 
dates grown in the United States, using water from deep wells. Many 
new problems arise, such as work on certain palm and fruit diseases, 
and acceleration of work on studies leading to better cultural practices 
for production of premium-quality fruit, and cultural studies with 
such new and promising varieties as Medjhool. 

In February 1947 a brief, outlining in detail the need for expanded 
date research, was prepared by the Date Institute Committee. This 
was endorsed by all the leading farm organizations in date-growing 
areas, and filed with the Secretary of Agriculture, the Agr icultural 
Research Administrator, the Chief of the Bureau of Plant Industry, 
Soils, and Agricultural Engineering, and the Congressmen and Sena- 
tors representing date-growing regions. 


Foop Crop INVESTIGATIONS IN PvERTO Rico 
(OES—b-—1—9—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the yield and lower production costs of food crops in 
Puerto Rico and to develop fundamental information on the produc- 
tion of food crops for tropical and subtropical areas. The current 
work is particularly concerned with tomatoes, sweetpotatoes, corn, 
mangoes, papayas, and other tropical fruits. The work on sweetpota- 
toes, tomatoes, and papayas is carried on in coopel ration with the 
Bureau of Plant Industry, Soils, and Agricultural Engineering. This 
work is carried on at the Federal experiment station at Mayaguez, 


P. R. 
B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-9-2—Stabilization and improvement of USDA-34 sweet corn. 
To further improve, through breeding and selection, a variety of 
sweet corn known as USDA-34, which is the most important variety 
of sweet corn adapted to tropical conditions. 

b-1-9-5—Development and production of tropical fruits. To im- 
prove quality and production of tropical fruits such as mangoes 
papayas, avocados, and mangosteens. 

b-1-9-6—-T he improveme nt of tomato varieties for warm climates. 
To introduce genes for disease resistance, production, and heat toler- 
ance into tomato varieties adapted to warm climates. 

b-1-9-7—Papaya improvement. To develop papaya varieties re- 
sistant to known common virus diseases, and possessing superior char- 
acteristics of fruit shape, setting, flavor, and firmness, 

b-1 9-8—Sweetpotato improvement. To improve quality, produc- 
tion, and disease resistance in sweetpotatoes by hybridizing Jersey 
and moist-flesh varieties. Seeds resulting from such crosses will be 
made available to the national sweetpotato program for further testing 
and selection. 
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C. HISTORY AND EVALUATION OF THIS WORK 


The basic legislation establishing a Federal experiment station in 
Puerto Rico in 1901 stipulated that programs should be initiated to 
improve food production. The lack of extensive and fundamental 
information on the growing of food crops in the Tropics can be con- 
sidered appalling, in view “of the many millions of people living in 
tropical areas. In many tropical countries a high percentage of the 
food consumed is imported in the form of cheap foods, in exchange 
for tropical products. During World War II one of the big problems 
in feeding our troops in tropical areas was the lack of information on 
growing ‘foodstuffs in the Tropics. The program at the Federal ex- 
periment station has been pointed in part toward meeting these needs, 
Sweet corn varieties commonly grown in the continental United States 
have often been tried in the Tropic s, but they are not adapted to tropi- 
cal conditions. Shorter day lengths of the Tropics, compared with 
those of the temperate zone, during the growing season, do not permit 
normal development of the continental varieties. These varieties are 
also susceptible to diseases, particularly leaf stripe and yellow stripe 
mosaic. With the establishment of a land-grant college experiment 
station in Puerto Rico in 1934, the work with food crops for Puerto 
Rico has become largely the responsibility of the experiment station of 
the University of Puerto Rico. The Federal experiment station has 
continued some fundamental investigations on papayas and tomatoes, 
particularly in the field of plant breeding, in cooperation with the 
insular station and the Bureau of Plant Industry, Soils, and Agricul- 
tural Engineering. In recent years an important phase of the program 
has been the breeding of crops that will flower and seed in Puerto Rico 
because of environmental conditions. An example of such work is the 
breeding of sweet potatoes to improve varieties now grown in the con- 
tinental United States. Development of such fundamental informa- 
tion and the actual production of new varieties adapted to tropical 
conditions has resulted in greater food production in the Tropics. 


D, FUNDS——-AN NUAL EXPENDITURES 


The average expenditures for this work during the years 1935 to 
1944 amounted to about $1: »,000 per year. Figures on expenditures 
previous to this date are not available, “but it is estimated that they did 
not exceed $8,000 to $10,000 per year from 1901 to 1935. Expenditures 
from 1945 to 1949 ranged from $15,000 to $22,000. ‘In 1950 the ex- 
penditures amounted to $22,600. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of a tropical sweet corn—USDA-34.—In 1934, as 
a culmination of 16 years of breeding and selection work, the Federal 
experiment station in Puerto Rico made available to the farmers of 
Puerto Rico and other tropical countries USDA-34 sweet corn. This 
variety still remains the outstanding sweet corn variety for the 
Tropics; since its development it has been distributed throughout the 
tropical world. 

Improved tomato hybrids—Forty-three selections from hybrids 
between native and imported tomato varieties produced an average of 
over 21% times as much marketable fruit as did standard varieties. 
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The local or native tomatoes are highly resistant to many of the more 
common tomato diseases, such as fusarium and blight. 

Bunchy-top-resistant papaya.—Forty-four different varieties of 
per rom widely separated locations in the tropical world have 

en introduced for testing against the destructive bunchy-top virus, 
which has made papaya production virtually impossible in many areas. 
Valuable genes for fruit size, shape, quality, growth habits, and setting 
characteristics have been discovered in these stocks. No true papayas 
have been found to be completely resistant to bunchy-top, but some 
papaya relatives show considerable resistance. 

Extensive vegetable adaptation trials were conducted.—Forty-five 
common vegetables and several varieties of each were grown at sea 
level, 2,000 feet, and 3,000 feet, in Puerto Rico to determine those best 
adapted to the different conditions of temperature and rainfall in 
summer and winter. A list of vegetable varieties can now be recom- 
mended for different seasons at different altitudes in Puerto Rico. 
This is one of the results of an extensive study on the production of 
vegetables in the Tropics. A bulletin has been prepared which gives 
recommended varieties, cultural practices, and control of insects and 
diseases. 

Jersey-type sweetpotatoes flower in Puerto Rico.—Sweetpotatoes 
cultivated in the continental United States for decades without 
flowering have bloomed and seeded normally in Puerto Rico. In 
breeding experiments the difficult-to-flower Jersey varieties, Orange 
Little Stem, Big Stem Jersey, Vineland Bush, and Yellow Jersey have 
been induced to flower and have set seeds in self-pollinations and in 
crosses with other varieties. The Jersey-type varieties flower in field 
plots during the same period as the moist-fleshed varieties (October, 
November, Vanenher: and January) and produce blossoms and seed 
similar to the latter varieties. The achievement of sexual reproduc- 
tion in the Jersey varieties will permit a program of hybridization 
and selection previously impossible, for the interchange of valuable 
genetic characteristics among the Jersey varieties, themselves, and also 
with the group of moist-fleshed varieties. A cooperative project has 
been worked out between the Federal experiment station in Puerto 
Rico, where the flowering was induced, and the Division of Vegetable 
Crops and Diseases of the Bureau of Plant Industry, Soils, and Agri- 


cultural Engineering for the introduction of sexual seeds to the sweet- 


potato breeders of the continental United States. 


F. SOME ADDITIONAL WORK NEEDED 


Coffee research.—The current scarcity of coffee, and resultant high 
prices, has made consumers in the United States aware of our depend- 
ency upon Latin America for the production of this important com- 
modity. Four-fifths of the world’s coffee comes from Central and 
South America. The world trade and economic life of many Latin- 
American countries is completely dependent upon this crop. During 
recent years coffee production has declined as a result of poor cultural 
and agronomic practices and improper land use in all producing areas. 
It has been the custom to move from one area to another, as soils be- 
came exhausted, but eventually as the lands become poorer, produc- 
tion and the life of the trees has been greatly reduced. Higher wages 
and lower yields have greatly increased production costs. In general, 
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cultivation is still done with the hoe, and the number of hours re- 
quired to maintain a unit of trees is the same as it was a decade or a 
century ago. A sound research program designed to improve methods 
of production is necessary to restore the coffee industry to its former 
position as a leading tropical crop. The major objectives of this re- 
search are: (1) Development of cultural practices to insure high pro- 
duction ; (2) undertaking fundamental investigations on the problems 
of flower production and fruit set and retention; (3) improvement of 
varieties through breeding and selection; (4) identification of insects 
and diseases attacking coffee, and development of methods for their 
control. 

Increase tropical fruit production.—The Federal experiment station 
has perhaps the best collection of Indian mangoes in the Caribbean 
area as well as many other fruits of importance. Most tropical fruits 
grow wild and are seldom produced commercially. There is little 
scientific knowledge available for large-scale production, yet many 
of these fruits would be valuable additions to the American table 
because of their food value and delightful taste flavors. Mango trees 
exactly like the parent tree cannot now be grown from seed. It is 
not known why some very desirable varieties of mangoes fail to 
fruit or if pollination is necessary for fruit production. These are 
only examples of the problems confronting the establishment of a 
mango industry. Another highly prized and delectable fruit, the 
mangosteen, has been grown for years at the Federal experiment sta- 
tion but has never become commonly cultivated because of difficulty 
in growing and transplanting the seedlings. Studies on propagation 
including grafting and management of this fruit as a crop, ena be 
made. 

Research investigations on cacao.—There is need for (1) establish- 
ment and maintenance of a cacao breeding garden in Puerto Rico, and 
(2) the breeding of high-quality, high-yielding, disease-resistant cacao 
trees for distribution to Latin American countries cooperating in this 
program because the world production of cacao has declined rapidly 
in recent years, owing to serious disease problems encountered in all 
the cacao-producing areas. Considerable research on cacao is being 
carried out at the various cooperative experiment stations of the De- 
partment in Latin America, and also at the Institute Inter-Americano 
de Ciencias Agricolas in Turrialba, Costa Rica. The presence of one 
or more important diseases in all of these areas is a serious obstacle 
in carrying on a well-rounded program of research. The island of 
Puerto Rico is free of these diseases. Its location and isolation from 
centers of infection make it a suitable place for conducting experi- 
mental work and for maintaining a quarantine garden of high-yield- 
ing strains and other desirable germ plasm. At the present time, the 
presence of the destructive witches-broom, a virus Euedsa prevalent 
in most producing areas, prevents the free exchange of plant material, 
which is necessary if cacao production is to be increased in this 
hemisphere. 
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CROSS REFERENCES 





PRODUCTION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
BEPQ—C-c-1, Chapter 35, Mexican fruit fly control. 
BEPQ—I-—b-10, Chapter 31, Japanese beetle. 
BEPQ—I-e-8, Chapter 31, white fringed beetle investigations. 
BEPQ—I-g-1, Chapter 38, bee diseases and poisoning. 


BEPQ—I-g-2, Chapter 38, bee management. 

BEPQ—I-g-8, Chapter 38, insect pollination (bees). 

BEPQ—I-k-1, Chapter 31, natural enemies of insect pests and weeds. 
BEPQ—I-m-3, Chapter 31, insecticide residues. 

LEPQ—I-n-5, Chapter 31, effect of insecticides on parasites and predators. 
BEPQ, White fringed bettle control, Chapter 35. 

BEPQ, Emergency surveys of insect pests injurious to vegetables and fruit 


crops, and their control requirements, Chapter 14. 
BEPQ, BAI, BDI, BPISAE, BAIC-RM: b-72, Chapter 31, toxicological effects of 
insecticides, fungicides, and herbicides on soils, plants, and animals. 
BPISAE—b-11-1, Chapter 18, introduction and evaluation of fruit, nut, and 
vegetable crops. 


BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAK—4d-2-1, Chapter 22, fertilizer materials, improvement, etc. 

BPISAE—gq-2-2, Chapter 38, plant disease survey. 

BPISAE—RM: b—48, Chapter 31, research on nematodes. 

BPISAE—RM: b—-57, Chapter 31, methods and equipment for weed control. 

BPISAE—a-—1—S—Chapter 31, control methods for weeds. 

LPISAE—RM: 68, Chapter 30, equipment and formulations—insecticides and 
fungicides. 


BPISAE—e-—1—1, Chapter 30, pest and plant disease control machinery. 
BPISAE—OES-RM: b-111, Chapter 38, introduction and testing of new plants, 
ete. 


BPISAE—RM: b-532, Chapter 38, agricultural chemicals on insect pollination. 
OLS—b-1-11, Chapter 31, control of insect pests and diseases. 


B. UTILIZATION 


UTILIZATION INVESTIGATIONS ON FRUITS, VEGETABLES, AND OTHER AG- 
RICULTURAL PRODUCTS OF THE SOUTH 


(BAIC—b—-1—Federal-State—Regular Funds) 
(Cooperation with private organizations) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and arora »rocesses and products, utilizing 
southern fruits and vegetables, 2k byproducts of their production 
and processing; to conduct fundamental chemical, technological, and 
microbiological investigations on the composition of these fruits and 
vegetables and on changes occurring in processing, preservation, and 
storage of products and byproducts in order to improve the quality 
and increase the market value of the products, to eliminate or utilize 
production and processing wastes, and to increase the efficiency and 
economy of processing operations. 

Current work includes the recovery of citrus-juice—flavor essence 
and adaptation of this process to industry. Considerable attention is 
being given to quality control and production of improved single- 
strength and concentrated citrus juices in Florida and Texas. Deter- 
mination of the origin and control of pectic enzymes in commercial 
cucumber brines is under study. 
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B. CURRENTLY ACTIVE LINE PRODUCTS 


b-1-1-1—Production of animal feed from citrus waste and citrus 
molasses. To investigate the moisture-absorbing properties of dried 
citrus pulp and molasses, and to determine the optimum molasses con- 
tent for storage and handling of feed from citrus waste. 

b-1-1- 2—Rapid methods of estimating micro-organisms in citrus 
products. To devise rapid methods of estimating microbiological 
population in citrus products. Possible methods include the use of 
stains to differentiate tissue from micro-organisms, direct count by 
number, and the use of direct and special microscope lighting with 
prepared mounts, chemical indicators, and ultraviolet light analy ses, 

b-1-1-3—Coliforms in Florida citrus products. To investigate the 
possible sources of coliform bacteria in citrus juices and concentrates ; 
tomake a systematic study to determine their identity, especially those 
resembling Escherichia coli and to determine their significance as far 
as proc -essed- product quality and plant sanitation are concerned. 

b-1-14— Effect of micro-organisms on the flavor quality of Florida 
citrus products. .'To investigate the changes in quality of concentrated 
juices produced from Florida citrus fruits due to slime-, gum-, and 
acid-forming organisms (exclusive of coliforms rese smbling E. coli) at 
low temperatures, the source of these organisms, the relation to plant 
sanitation, and means of avoiding deterioration from this cause. 

b-1-1-5—The preservation of single-strength juices of Texas white 
grapefruit, oranges, and tangelos. To investigate factors affecting 
the quality of processed single-strength juices of Texas white grape- 
fruit, oranges, and tangelos. There is cooperation with Texas Agri- 
cultural Experiment Station, Texas Citrus Commission, and a large 
grower. 

b-1-1-6—F rozen-concentrate production from Texas white grape- 
fruit, oranges, and tangelos. 'To develop new or improved processing 
methods for utilization by concentration of juices from Texas white 
grapefruit, oranges, and tangelos. Studies will be made as to the 
effect of variety, maturity, rootstock, and cultural practices on the 
ultimate quality of concentrates. There is cooperation with Texas 
Agricultural Experiment Station, Texas Citrus Commission, and a 
large grower. 

b-1-1-7—Origin of enzymes in commercial cucumber fermentations. 
To determine the sources of the pectic enzymes in commercial cucum- 
ber fermentation that are responsible for spoilage (softening) of 
cucumber salt-stock. This includes a study of the cucumber fruit it- 
self and the micro-organisms in the brines as contributing factors. 
There is cooperation with North Carolina Agricultural Experiment 
Station, under a memorandum of understanding, and with a com- 
mercial pickler. 

b-1-1-8—Controlling enzymes in commercial cucumber brines. To 
develop means “of controlling pectic enzyme activity in commercial 
cucumber brines in order to prevent softening spoil: ige of salt-stock 
cucumbers. There is cooperation with North Carolina Agricultural 
Ixperiment Station and a commercial pickler. 

b-1—-1-9—Characterization and stabilization of the coloring matters 
in Texas grapefruit. To investigate the properties and reactions of the 
coloring matter in Texas pink and red grapefruit with the objective of 
improving color —— in juice and concentrate products, The in- 
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vestigation is being conducted in cooperation with the Texas Citrus 
Commission and the Texas Agricultural Experiment Station under a 
memorandum of understanding. 


C. HISTORY AND EVALUATION OF THIS WORK 


In the early 1900’s, work of the Bureau contributed to the develop- 
ment of industrial canning, preserving, and dehydration, and estab- 
lished methods for detection and control of spoilage in food and feed 
products. Investigations on various food products were carried on in 
more recent years by the Bureau of Chemistry and Soils, and all such 
investigations on fruits and vegetables were assigned to this Bureau 
April 3, 1935. In subsequent reorganizations leading to the present 
Bureau of Agricultural and Industry Chemistry, research on fruits 
and vegetables under this project was limited to the general territory 
and products of the Southern States, to be conducted at the field lab- 
oratories at Raleigh, N. C., Weslaco, Tex., and Winter Haven, Fla. 
Continuing technical assistance is given to processors, and the Bureau 
is a source of information of general value to the industry. 


D. FUNDS-—-ANNUAL EXPENDITURES 


With the work on southern fruits and vegetables financed from a 
fund covering crops of several regions, estimates for early research on 
southern crops are difficult to obtain. 

The Bureau’s Winter Haven, Fla., laboratory was established in 
1931, with funds provided by local popular subscription, on land later 
deeded to the F ed Government. The value of land, buildings, and 
facilities was approximately $25,000. In the fiscal year 1940, $19,000 
was appropriated to enlarge the laboratory, providing space for pilot- 
plant as well as expanded laboratory-scale investigations. During the 
period 1942-47, the laboratory staff included several research fellows 
of the Florida Citrus Commission, with whom cooperative investi- 
gations were carried out. 

Allotments to the Winter Haven laboratory for operating expenses 
are not available for the fiscal years 1932 through 1935. From 1936 
through 1943 they averaged $14,000 annually. 

The first appropriation for the laboratory in the Rio Grande citrus- 
producing area of Texas was made in the fiscal year 1932, the original 
laboratory, located midway between Weslaco and Mercedes, being 
built by contributions from the chambers of commerce of these two 
cities. In 1939, $25,000 was appropriated for the construction at 
Weslaco of a modern research laboratory, including facilities for pilot- 
plant experimentation. 

Allotments to the Weslaco laboratory for operating expenses aver- 
aged $10,250 annually from i932 through 1943. In 1946, a substan- 
tial increase in appropriation was aaa to provide additional per- 
sonnel and to complete equipment of the laboratory for a broader pro- 
gram of research on all phases of Texas citrus-fruit processing and 
utilization. 

The Bureau’s laboratory at Raleigh, N. C., established in 1936, is 
conducted in cooperation with the North Carolina Agricultura] Ex- 
periment Station in buildings of North Carolina State College. From 
1936 through 1943, allotments to this laboratory for operating ex- 
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penses averaged $7,500 annually. 
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Between 1944 and 1946 the total annual expenditures under this 
project increased from $45,000 to $87,000; the average annual expendi- 
ture from 1947 through 1949 approximated $97,000; and in 1950 the 
expenditure was $94,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Cucumber-pickle consumption ewpanded by improvements in salt- 
brine fermentations.—This fermentation work resulted in a large ex- 
pansion of the cucumber-pickling industry, particularly in the South- 
eastern States, by adoption of practices that reduced losses and im- 

roved the quality and market volume and value of the products. 
Juring World War II, application of these brine- and salt-preserva- 
tion methods to a wide variety of other vegetables was a major con- 
tribution to both military and civilian food supply, permitting success- 
ful bulk and home preservation of large quantities of vegetables for 
which canning facilities and materials were not available. Some ap- 
plications of these methods were adopted by large canners for eco- 
nomical bulk handling of stock for manufacture of soups and similar 
products. 

Studies on the inheritance composition of Washington navel oranges 
of various strains, and maturity data on the California-Washington 
navel orange were of inestimable value in the initial development of 
maturity standards for citrus fruits, and did much to place the citrus 
industry in the United States on a sound profitable marketing basis. 

Fundamental research was the basis of the modern citrus-juice can- 
ning industry, first regarded as a byproduct outlet for surplus and culls 
but now grown to a major industrial operation, consuming large quan- 
tities of selected fruit at profitable prices. Objectionable liquid wastes 
that burdened the canning and citrus feed plants with the expense of 
disposal are being more completely utilized by adoption of processes 
that make use of this material for the production of chemicals and 
protein feeds. 

Method of preparing full-flavored, fruit-juice concentrates. U.S. 
Patent 2,453,109 (1948)—This development, consummated under a 
cooperative agremeent between the Bureau and the Florida Citrus 
Commission, made possible a new and profitable industry. In Florida 
alone, the citrus-frozen-concentrate industry has developed in six short 
years (1944-50) to a volume of 22,000,000 gallons of concentrate, 
valued at $132,000,000. 

All concentrate plants are increasing their production capacity, and 
during the 1950-51 season the 16 plants in Florida may produce 35,- 
000,000 gallons of orange, grapefruit, tangerine, and blended frozen 
concentrate. ‘Two plants are being real in Texas, and several are 
already in operation in California. During the canning season, frozen 
pineapple-juice and grape-juice concentrates will be commercially 
packed. 

Pasteurization aids pickle industry.—Widespread application of a 
specially adapted pasteurization process has greatly enlarged the mar- 
ket for cucumbers during the past decade by making a new type of 
pickle available. These are fresh-pack pickles, packed without the 
usual fermentation or curing in brine. The use of pasteurization has 
also proved advantageous in preserving the quality of brined-pickle 
products. That the economic benefits to farmers have been substan- 
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tial is evidenced by the fact that pasteurized pickles now take about 
114 to 2 million bushels of cucumbers annually. During the past 10 
years, the consumption of pickles of all types has almost doubled (from 
15,000,000 cases up to 25,000,000 cases). On the assumption that pas- 
teurized pickles constitute 15 percent of the total yearly pack of pickles 

(all types), they would amount to about 5,000,000 cases, valued at 
seteeelnaets $10,000,000. 


F. SOME ADDITIONAL WORK NEEDED 





Develop more extended uses of citrus molasses. asses obtained 
by evaporation of the liquid waste pressed from citrus pulp before 
drying i is in surplus production and finds limited outlets in competi- 
tion with blackstrap molasses. There is urgent need for fundamental 
research on the composition of the molasses. Such information would 
serve as a basis for developing practical methods of eliminating bitter- 
ness and altering flavor in processing, and for devising new and more 
profitable uses for the product. 

To apply the results of fundamental investigations on biochemical 
causes of softening of cucumber salt stock to the development of im- 
proved methods of cucumber brining for pickle production,—Cur- 
rent investigations are providing fundamental information on the 
enzymic causes of softening and deterioration of cucumber salt stock, 
and are developing methods for detecting the enzyme that causes 
softening. There is urgent need for extending this information and 
applying it to the development of basically improved methods of cu- 
cumber brining. Losses amounting to several million dollars a year 
result from softening and bloater formation, much of which could be 
saved by the development of positive control of the brine-fermentation 
process. ‘To accomplish this result, it will be necessary to know the 
exact mechanism by which microbiological action and biochemical 
changes lead to firm, high-quality stoc +k in some cases and to soft, 
worthless stock in others. 

To determine the suitability of subtropical fruits for processing.— 
Although dooryard plantings of subtropical fruits in Texas have been 
successful for many years, organized efforts of nurserymen and grow- 
ers are just making a start tows vard commercial production, particularly 
of papayas and avocados. When commercial production is estab- 
lished, there will inevitably be cull fruits and perhaps an initial sur- 
plus available for processing. Many persons have already made in- 
quiry regarding possibilities of profitable disposition of such sur- 
pluses. If methods for processing can be established prior to the 
development of such a surplus, it will serve to keep the new industry 
on a sound economic footing. 

To study the suitability of southern tomatoes for canning —Pro- 
duction of tomatoes in the South has always been primarily for the 
fresh-fruit market, with only surplus and end-of-season crops avail- 
able for processing. In general, such tomatoes have not been found 
suitable for yielding fancy packs. This has caused the canned-foods 
industry to believe that fancy tomatoes cannot be packed in the South, 
with the consequent development of a price differential and economic 
loss to the southern farmers and processors. 

To determine suitability of southern vegetables for freezing.— 
Broccoli, lima beans, southern peas, and sweet corn have for some 
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time been commercially grown in the South for processors of frozen 
vegetables. Dissatisfaction has been expressed by the processors with 
the quality of these packs, especially in the case of lima beans. 


UrinizATion INVESTIGATIONS ON Frutrs, VEGETABLES, AND OTHER 
AGRICULTURAL Propwcts or THE West 


(BAIC—b-S—Federal-State—Regular Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To make chemical and technological studies, especially of local sig- 
nificance, of the composition of fruits and vegetables grown in certain 
western areas, and determine the best uses of these commodities either 
as fresh products or as processed foods. Current work is directed 
toward problems that are especially significant to the area comprising 
southern California and Arizona (laboratory located at Pasadena, 
Calif.), nd the area comprising Idaho and the central and eastern 
parts of Washington and Oregon (laboratory located at Pullman, 
Wash.). Technological studies are made to improve the retention of 
color, flavor, texture, and nutritive value of processed fruits and vege- 
tables by the development of new and improved methods of preserva- 
tion. Processing studies are made on the utilization of cull and sur- 
plus fruit and vegetable crops in the form of processed food products 
or nar New and improved methods are also developed for 
the disposal or utilization of waste materials from local fruit and 
vegetable proc essing plants. In carrying out these investigations, 
close ¢ ‘ooperation is maintained with other Federal and State agencies, 
cooperative grower organizations, and commercial food-processing 
plants. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-8-1-5—Investigations on the modification of juice from central 
Washington-grown grapes. To develop a process whereby the acidity 
and ash of juice prepared from central Washington-grown Concord 
grapes can be standardized at optimum levels for consumption as 
juice or for further processing. 

b-8-2-2—The canning technology of vegetables grown in Idaho and 
the areas of W ashington and Oregon east “of the Cascades. To study 
the technology and adaptability for canning of vegetables grown in 
different producing areas of the Pacific Northwest for the purpose of 
improving the quality and reducing the cost of the commercially 
canned products. 

b-8-2-83—The freezing technology of vegetables grown in Idaho 
and the areas of Washington and Oregon east of the C sessile To 
study the technology and adapt: ability for freezing of vegetables 
grown in different produci ing areas of the Pacific Northwest for the 
purpose of improving the quality and reducing the cost of the com- 
mercially frozen products. 

* Investigations of factors in raw material selection and processing 
that affect the quality of western Washington and Oregon apple juice. 
To determine the effect of maturity, gr ade, and condition of apples 


*Line of work for which no symbol has yet been assigned. 
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of the Pacific Northwest on their juice quality. Results of these 
studies will be applied in the production of juices of improved 
quality. 

b-8—1-11—New and improved methods for the processing and pres- 
ervation of packaged dates. To develop methods for cleaning dates to 
make them more sanitary and attractive in appearance, and to devis 
means of pasteurizing dates in hermetically sealed containers to pre- 
vent losses caused by spoilage and color changes during storage. 

b-8-1-12—Processing of southern California and and Arizona cit- 
rus juices and their preservation by quick-freezing. To develop new 
and improved methods for the packaging and freezing preservation of 
citrus products to prevent development of off-flavors, jelling of the 
product, and other chemical changes that may occur during storage 
at refrigeration temperatures, 

b-8-1-13—Processing of standardized single-strength canned juices 
from southern California and Arizona grapefruit. To study the 
chemical composition of southern California and Arizona grapefruit 
through several growing seasons, and to devise methods for correcting 
natural deficiencies in the sugar-acid ratio of the juice to enable proc- 
essors to put up a uniformly high-quality pack during a full canning 
season. 

b-8-1-14—F reezing preservation of segments and slices from Cali- 
fornia and Arizona grapefruit and navel oranges. To develop new 
and improved packaging and processing methods for freezing preser- 
vation of citrus segments and slices, and to conduct storage experi- 
ments on the frozen products to determine what changes in color, 
flavor, and texture may take place at various refrigeration tempera- 
tures. 

b-8—1-15—Isolation, identification, and characterization of the 
peroxidase enzymes in citrus fruits. Work under this project is de- 
signed to provide basic information regarding the role played by 
citrus peroxidases in development of undesirable flavors and odors in 
fresh, frozen, and canned citrus juices. This information is of im- 
portance in the development of commercially practical methods for 
oes or limiting this undesirable chemical activity during proc- 
essing and storage. 

b-8-1-16—Preventing or removing the bitter taste in processed 
navel orange products. To develop commercially applicable methods 
for preventing or removing the undesirable bitter taste that develops 
in navel orange products after processing and storage. Because of 
this bitter taste, navel oranges are seldom used at the present time for 
processing. This represents a loss to growers who have no market for 
their cull and surplus navel oranges. 

b-8-2-12—Improvements in the quality of canned tomato paste. 
To study the chemical composition of California-grown tomatoes, and 
to develop improved processing methods for preparation of canned 
tomato paste possessing better color, flavor, consistency, and nutri- 
tive value. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on the chemistry and technology of fruit and vegetable prod- 
ucts was initiated by the Bureau in 1911 in Los Angeles at the request 
of the California citrus growers for the purpose of conducting studies 
on the utilization of cull and surplus citrus fruits. As a result of this 
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pioneer work, the citrus industry built a number of processing plants 
inC alifornia, and later similar plants were built in Florida and Texas 
to make citrus products and byproducts from cull and surplus fruit. 
At the end of World War I, the emphasis of research on western- 
grown agricnitural products was shifted from citrus to dehydrated 
food products in an effort to improve the quality of such products for 
consumer use. Later, processing studies were carried out on many 
fruits and vegetables grown in California, and around 1931 pioneer 
studies were made on the technology of frozen foods at Seattle, Wash. 

‘The work on freezing preservation was of material aid in helping this 
new food industry to get started. Because of the Bureau’s previous 
experience in dehydration of food products, the entire research pro- 
gram on western-grown fruits and vegetables was again shifted to 
this field during World War II, and studies were carried out in coop- 
eration with the Army Quartermaster Corps and commercial dehydra- 
tion plants. Current research work is mainly concerned with the 
chemistry and technology of citrus products, some similar work being 
done on tomatoes, dates, and avocados. At least five new food-proc- 
essing plants have been established in southern California as a result 
of this research program, and numerous small plants have been given 
technical assistance with their processing methods. In 1949 the ‘work 
on chemistry of western-grown fruits and vegetables was moved from 
Los Angeles to a new laborator y building at Pasadena, Calif. 

To study problems in the processing utilization of fruit and vege- 
table crops grown in certain areas of the Pacific Northwest, a labora- 
tory was established in cooperation with the State College of Wash- 
ington at Pullman in 1935. This laboratory has since conducted nu- 
merous studies on the more important fruit and vegetable crops, giving 
particular attention to processing problems pec suliar to crops grown 
in this area. , Working in cooperation with State hortic ultural ; agen- 
cies, studiee have been made to determine the varieties of each crop 
that are most suitable for processing and to develop improved methods 
for handling these crops prior to processing. Studies have also been 
made to develop new and improved methods for processing certain 
crops that are not adapted to conventional processing procedures. 


D. FUNDS——ANNUAL EXPENDITURES 


During the period 1914-21 the , ®pproximate average annual ex- 
penditure was $17,300, From 1922 through 1935 the annual average 
was about $35,500; from 1936 through 1946 it was about $77,500; and 
from 1947 ‘through 1949 it was about $62,000. The allotment for 
1950 was $65,100. The above estimates cover expenditures made at 
both the Los Angeles and Pullman laboratories. During the period 
1947-48 an annual supplementary fund of $2,500 was provided i the 
California-Arizona Desert grapefruit boards for cooperative studies 
on the chemistry of grapefruit. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of Northwest apple-juice industry—Among the de- 
velopments of the apple-juice industry toward which the Bureau has 
made important contributions are the commercial application of en- 
zyme clarification, flash pasteurization, and special use of enameled- 
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tin containers. Some progress toward essence recovery and improve- 
ments in preparing juice concentrate were also made, and apple vari- 
eties of the Pacific Northwest were characterized and classified to per- 
mit blending of varieties for the production of a more palatable juice. 

Development of commercially canned freestone peaches in the 
Northwest-—Much of the research necessary in pioneering the recently 
developed and rapidly expanding freestone- peach canning industry 
may be credited directly to the Bureau’s activities in the Pacific North- 
west. Special methods ‘were dev eloped for processing freestone peaches 
that permit the commercial canning of this delicate and flavorful 
fruit. Investigations made in cooperation with State horticultural 
agencies on the suitability for canning of a number of freestone 
peach varieties and on the relation of harvest matur ity, ripening, and 
storage methods to the quality and yield of the canned product have 
made possible a continual improvement in quality and a reduction in 
cost of the commercially processed fruit. As a result of this develop- 
ment, a major portion of the Pacific Northwest’s freestone-peach crop 
is now canned. 

The froth-flotation process for cleaning vined green peas was devel- 
oped by the Bureau to remove foreign materials such as weed seeds, 
and especially nightshade berries : and buds, from vined (mechanically 
shelled) green peas for canning and freezing. The value of this new 
process to the green-pea processing industry amounts to about $1,000,- 
000 annually. This value is ac hieved through a reduction of labor 
required to sort vined peas, improvement in quality of the processed 
product, and in the saving of large tonnages of peas that would other- 
wise be discarded because of heavy cont: imination with foreign mate- 
rial. The value of commercially manufactured froth-flotation equip- 
ment for cleaning vegetables now exceeds $100,000 annually. The 
process will have other extensive uses for cleaning vegetables, nuts, 
and fruits. 

Development of prune and apricot nectars.—Processing outlets for 
soft fruits of the Pacific Northwest have been expanded through the 
development of prune and apricot nectars. Prune nectar, a new bev- 
erage, may be prepared from off-grade Italian prunes, sugar, and 
water. Apricot nectar offers the most promise for commercial process- 
ing of the Wenatchee Morpark apricot, which is unsuitable for can- 
ning or freezing. Prune and apricot nectars have been favorably 
accepted in small-scale commercial tests. 

Improveme nt in canning quality of irrigation-grown tomatoes.— 
Tomatoes grown in the irrigated areas near Lewiston, Idaho, were 
commonly considered to be of inferior canning quality. Cooperative 
studies with the State agricultural experiment station have resulted in 
the selection of improv ed varieties and processing methods that permit 
the production of high-quality canned tomatoes in this area. 

Development of the °8-to-1 mattirity standard for oranges.—In the 

arly days of the citrus industry in California, many growers were 
attempting to get their fresh fruit on the December holiday market, 
which necessitated harvesting the fruit before it reached full maturity. 
This early sour fruit was a disappointment to the consumer, and as a 
consequence the market was ruined for larger crops of fully matured 
fruit harvested later in the season. At the 1 request of the citrus in- 
dustry and State enforcement agencies, studies were made on the com- 
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position of mature oranges which indicated that a maturity standard 
for oranges should contain eight parts of soluble solids (sugars) to one 
part of acid before the fruit “would be considered edible and could be 
legally picked and shipped. This ratio of soluble solids to acid was 
adopted by the State as the legal maturity standard for oranges, and 
later Florida adopted a similar modified maturity stand: rd for its 
oranges. 

The adoption of this maturity standard for oranges was instru- 
mental in raising the quality of oranges offered for sale, and effected 
a large saving to the consuming public. 

Developme nt of the ethylene process for aiding the natural colora- 
tion of citrus fruits —Another important problem confronting the 

California citrus industry was that of trying to furnish the market 
with mature fruit that was fully colored rather than only partially 
colored. The use of kerosene stoves in packinghouses to keep fruit 
from freezing during cold spells had indicated that products of com- 
bustion from these stoves tended to remove the green color from poorly 
colored fruit and produce a full color in fruit stacked close to this 
source of heat. Experimental work carried out on the chemistry of 
the products of combustion from kerosene stoves, later led to the 
discovery that ethylene gas stimulated the activity of enzymes respon- 
sible for the coloring of citrus fruits. A trace of pure ethylene gas, 
used under controlled conditions, was shown to be effective in bringing 
out a full, natural color in oranges, lemons, and grapefruit. The 
method has been in commercial use in California, Arizona, Texas, and 
Florida since 1924. Citrus fruits having a natural, fully developed 
color bring a higher price on the market, so this method has helped 
citrus growers to realize a greater return on their crops than was pre- 
viously obtained. The method is simple, cheap to operate, and very 
effective. 

Use of ehylene qas on “stick-tight” walnuts.—During a certain har- 
vesting seasons, the Persian walnut industry in southern California 
was troubled with the presence of nuts from which it was difficult to 
remove the outer shell or husk. Such walnuts were termed “stick- 
tights” by the industry, and inability to market these nuts constituted 
a financial loss to growers. In conjunction with investigations of the 
use of ethylene gas for coloring citrus fruits, it was ace ‘identally dis- 
covered that when “stick- tight” walnuts were exposed to this gas the 
husks could be easily removed by ordinary methods. Further experi- 
mental work in this field proved that the use of ethylene gas for this 
purpose was practical under commercial conditions. To date, many 
thousand tons of “stick-tight” walnuts have been successfully treated 
by this method with considerable sav ing to the growers. 

Deve lopment of new frozen fruit purees.—For many years fruits 
have been preserved by adding sugar and heating in sealed glass or 
tin containers, and although such ‘canned fruits retained little fresh 
flavor, they were widely accepted by the trade. With increased 
popularity of fruit ices, sherbets, and ice cream, the lack of a 
fresh-fruit flavor in products made from heat-preserved fruits 
became more and more apparent. In order to provide preserved 
fruit products possessing more natural flavor, methods were de- 
vised for pureeing whole fruits such as plums, peaches, apricots, 
and berries, by passage through a fine screening device, mixing 
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with sugar, and quick-freezing in closed containers. Later it 
was discovered that citrus fruits, such as oranges and lemons, 
could be similarly processed without developing off-flavors during 
storage. Freezing preservation of fruit naked te proved to be a 
highly efficient and economical method for preparing fruit bases 
possessing natural fruit flavor, color, texture, and nutritive value. 
Frozen fruit purees are now being commercially produced in large 
quantities for use as ice cream and sherbet bases, sundae toppings, 
pastry, and beverage bases, and in the manufacture of jams, jellies, 
marmalades and fruit ades. Pureeing of fruits for freezing preserva- 
tion offers a distinct advantage to growers, since sound fruits having 
good flavor and color can be utilized regardless of shape, size, or 
blemishes that would make them unfit for the fresh-fruit market or 
commercial canning. Of particular significance to California citrus 
growers is the possibility that frozen purees can be produced success- 
fully from navel oranges, which have not previously been used for 
manufactured products because most navel orange products develop a 
bitter taste during storage. 

Method for canning and pasteurizing soft dates—Under present 
processing practices, dates are generally put into paper cartons and 
treated with small quantities of gaseous preservatives. Vapors of 
these chemicals permeate spaces between the fruit and are alleged to 
inhibit growth of spoilage by micro-organisms. Since this method 
had not proved to be entirely satisfactory, because dates packaged 
and treated in this way do not keep well at high humidities and 
temperatures, a new method of preserving high-moisture dates was 
developed. The fruit is packed in tin cans, from which the air 
is exhausted and replaced with nitrogen gas, after which the cans are 
hermetically sealed. The contents of the can are then pasteurized by 
heating in boiling water for a short period, followed by air cooling. 
Dates preserved in this manner have been kept at a temperature of 
90° F. for 1 year and longer: without evidence of spoilage or color 
changes. A similar pasteurization method, now in commercial use, 
was developed for the preservation of low-moisture dates. In this 
method only the vacuum treatment is used. 

Improvement in the quality of unpasteurized, refrigerated orange 
juice.—Unpasteurized, refrigerated orange juice, processed and pack- 
aged by improved methods that were develaned through Bureau re- 
search, is now being shipped commercially from citrus-producing 
areas in California to distant markets, with little loss of flavor or 
vitamin © content. Research also resulted in the improvement of 
methods for handling highly perishable orange juice so that it can 
now be kept for 2 weeks or more at refrigeration temperatures. Even 
after 3 weeks storage, this product is superior in flavor to many can- 
ned orange juices now on the market. Essentially, the method con- 
sists of carefully reaming the fruit, removing dissolved oxygen, 
packaging, and storing at 30° F. Carload lots of unpasteurized 
orange juice, packed in 1-gallon cans and refrigerated with ice and 
salt, have been shipped successfully from California to New York 
City without any losses. Approximately 214 to 3 million gallons of 
refrigerated orange juice are shipped annually from Los Angeles 
to cities within a 500-mile radius. 

Freezing preservation of avocado paste.—Avacados are highly per- 
ishable, and many attempts in past years to preserve them in various 
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forms have been unsuccessful. Freezing of avocado slices has not 
been satisfactory, since they become mushy and badly discolored on 
thawing. However a frozen avocado paste, containing small quan- 
tities of lemon juice, salt, and onion powder, was recently developed 
by the Bureau. Packaging may be done in hermetically sealed cans, 
or preferably in collapsible soft metal tubes. Extensive market sur- 
veys have been carried out on consumer acceptability of this new 
product, and plans have been made by some packers to start commer- 
cial production. 

Improved navel-orange products.—Navel oranges are proc essed only 
in limited quantities, because during many seasons the juice turns 
bitter after extraction and storage. For this reason the navel-orange 
grower receives little return for ‘the 20 or 25 percent of his crop that 
is unsuited for the fresh-fruit market. Research conducted over sev- 
eral seasons suggested two possible methods for destroying or remov- 
ing this bitterness from processed “setprenene One method involves 
the adsorption of the bitter principle, or its precursor, on activated 
charcoals, while the other uses a commercial fungal enzyme, or an 
enzyme complex obtained from tomatoes, to bring about changes in the 
bitter principle. When either of these methods is perfected for com- 
mercial application, the grower will receive a greater return on his 
crop, and additional fruit will be available to the processor. 


F, SOME ADDITIONAL WORK NEEDED 


Development of new and improved processing outlets for apples, 
especially of the Delicious variety.—Most apple products manufac- 
tured in the Pacific Northwest come from the use of off-grade fruit 
that is available at less than the cost of production. Even though off- 
grade apples of the Delicious variety are available at a very low 
price, their utilization is limited because this variety is unsuited for 
many processing uses. Although apple production in the Pacific 
Northwest is primarily a fresh- fruit industry, an extensive process- 
ing industry capable of paying at least the cost of production for its 
raw material is consideerd essential to a stable fresh-apple market. 
Fundamental information is needed on the factors that influence proc- 
essing quality of apples to permit improvement in the quality of 
apple products and the selection of products that can be made satis- 
factorily from particular varieties. 

Selection of new apricot varieties for processing in western Wash- 
ington.—The expanding apricot production of the Pacific Northwest 
is a fresh-fruit industry based on the Wenatchee Morpark variety. 
This variety is unsuitable for most processing uses, and new im- 
proved varieties suitable for canning and freezing are needed to sta- 
bilize the fresh-fruit market for apricots. The increasing number of 
processors canning and freezing other products of this area also would 
benefit by the addition of a midsummer ¢ rop of apricots to occupy an 
otherwise slack season. An intensive program for the dey elopment of 
new apricot varieties has been undertaken by the Washington State 
Agricultural Experiment Station, and cooperative studies on the 
adaptability of these varieties to processing utilization will be a 
necessary part of this program. 

Selection of varieties and improvement of methods for handling, 
and processing Washington-grown freestone peaches.—Freestone- 
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peach canning has grown into an important industry in Washington 
since its beginning about 1937. The product, however, has remained 
an expensive item because of the considerable hand labor required 
and inefficiency in production. Better methods for handling, grad- 
ing, and preparing freestone peaches are needed to facilitate process- 
ing, reduce costs, and improve the over-all quality of the canned 
product. A continuous search is being made by Federal and State 
agencies for improved freestone-peach varieties. Information on the 
processing quality of these varieties is an important phase of this 
work. 

Chemistry of the flavonoid constituents of citrus products —Ex- 
perimental work has indicated that citrus juices contain flavonoid 
compounds that have the so-called vitamin P therapeutic activity. 
Although the literature dealing with this subject is extensive, no one 
has succeeded in actually identifying the pure substance responsible 
for this activity. The isolation and identification of the constituents 
possessing vitamin P activity has been suggested by members of the 
citrus industry. The development of a convenient, specific method 
for the determination of naringin, a bitter flavonoid substance exist- 
ing in grapefruit peel and juice, is urgently needed by the citrus indus- 
try. A precise knowledge of the amounts and nature of all flavonoid 
substances that may be present in citrus juices would also be of 
interest to this group. ; 

Pureeing and freezing of tropical and subtropical fruits—The 
freezing preservation of pureed fruits has been so successful that 
investigations should be carried out on the possibility of applying 
similar methods for the preparation of purees from little-known 
fruits grown in southern California. Such fruits as papayas, zapotas, 
and cherimoyas are available in limited quantities, but information 
is needed on their processing and storage to determine whether or not 
these fruits can be successfully preserved as frozen purees. 

Chemistry and processing of avocado products.—Preliminary ex- 
perimental work has indicated that a satisfactory avocado paste can 
be prepared and preserved by freezing, but after the frozen product 
is thawed, water tends to separate from the paste. Information is 
needed on the causes of this separation and means for preventing it. A 
knowledge of the chemical constituents of fresh avocadoes is also 
needed to assist in the development of additional methods of 
preservation. 

New food products from waste citrus peel—The principal by- 
product from citrus juice manufacture is the residue of pulp and peel, 
which is customarily dried for stock feed. In the process used for the 
preparation of this dry feed, large amounts of “press liquor” are 
obtained, which in turn can be evaporated to molasses for supple- 
menting feeds, or for use by the fermentation industry. In these uses, 
citrus molasses 1s in direct competition with forage and grain crops; 
therefore the profit realized in normal years it too small to make any 
substantial return on the original fruit. In view of the facts that citrus 
juices are widely consumed because of their vitamin C content, and 
that citrus peel is several times richer in this vitamin than is the juice, 
leaders in the citrus-processing industry in California have sug- 
gested the possibility of investigating citrus peel as a source for ac- 
ceptable new food products for use as such or for addition to other 
foods. 
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New ANbD Imperovep Uses or Crrrus Propucts 
(BAIC—RM: a—-140—Federal-State—RMA Funds) 


(Cooperation with private organizations) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To extend the outlets for citrus fruits through development of new 
and improved processing methods, by formulating new products, 
and through improvement of the quality and shelf life of the products. 
Several fundamental and technlogical investigations are being con- 
ducted to this end. These include development of commercially fea- 
sible procedures for the manufacture of high-quality citrus powders; 
investigations of chemical composition and stability of pigments, 
aromatic flavor constituents, and other citrus components for the pur- 
pose of preparing improved citrus products; improvements in meth- 
ods for pasteurizing citrus juices to eliminate the development of 
cooked flavors; determination of the role of enzymes in the deteriora- 
tion of stored citrus juices or of other citrus products; development 
of an adequate test for maturity of citrus fruits; improvement of 
processing procedures for the manufacture of citrus concentrates and 
investigation of the storage and shipping temperatures required to 
maintain high quality in such concentrates. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—140-1—Citrus-fruit powders. To develop commercially 
practical procedures for the manufacture and use of dehydrated 
citrus juices in the form of powders. 

RM: a—140-2—Improvements in the quality of canned citrus juices 
through a study of the chemistry of the volatile flavoring constituents. 
to determine what chemical changes take place in the volatile flavoring 
constituents of processed citrus juices and cause the development of 
off-flavors aud odors. By chemical identification and estimation of 
these constituents before and after processing, it may be learned 
which ones break down or are lost during processing and storage. 

RM: a—-140-3—Susceptibility of citrus products to deterioration. 
Since the deterioration of citrus products in storage is due in part to 
the action of enzymes that have not been completely destroyed by 
pasteurization, a study of enzymes in citrus products is being made, 
with particular reference to those that might produce off-flavors by 
their activity. 

RM: a-140-4—Organic chemical study of citrus-juice pasteuriza- 
tion. To investigate the chemical changes, under pasteurizing condi- 
tions, in individual organic chemical constituents of citrus juices. 

RM: a-140-5—Pilot-plant study of citrus-juice pasteurization. To 
develop improved means of pasteurizing citrus juices by investigations 
of the chemistry of the process on a pilot-plant scale. — 

RM: a-140-6 (C)—Development of method for producing an edible 
film in sheet and casing forms (contract). The object of this project 
is to develop a commercial process for producing a pectin film in sheet 
and casing forms suitable for packaging certain food products, par- 
ticularly meats. 

RM: a—140-7—Presence and reactions of sulfur compounds in citrus 
products. Sulfur compounds frequently have very powerful odors 
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and flavors, and are easily changed to bad-smelling substances. Some 
organic sulfur compounds have been found in orange juice, and their 
effect on the flavor of citrus products is being studied. 

RM: a-140-8—Changes in the nitrogenous constitutents of citrus 
products which affect flavor, color, aroma, and storage characteristics. 
Comprehensive study of the nitrogenous constituents of fresh and 
processed citrus juices is expected to lead to an understanding of the 
role they play in the formation of off-flavors and odors. Current work 
is directed to determine what amino acids are present in citrus juices, 
and whether any of them are responsible for producing off-flavors or 
odors in processed products. 

RM: a-140-9—Improvement in the quality of frozen-citrus concen- 
trates. The purpose of this project is to find a practical method for 
improving the flavor of frozen-citrus concentrates by returning to 
the product certain of the volatile flavoring fractions removed during 
the evaporation process. The effects of processing methods and stor- 
age temperatures on the quality of frozen-citrus concentrates will be 
studied. 

RM: a—140-10—Changes taking place in Florida frozen-citrus con- 
centrates stored at different temperatures. To investigate the changes 
in quality of commercially produced Florida frozen-citrus concen- 
trates stored at different temperatures. This investigation is being 
conducted in cooperation with a commercial packer in Florida. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of improved methods of processing citrus products 
began about 30 years ago. At that time, much of the processed fruit 
was canned as juice or in sections, and much of the research work was 
directed toward developing new and improved canned products. 
Later, rapid rise in popularity of frozen foods focused attention on 
this new method of food preservation, and the scope of research was 
broadened to include the freezing process. Bureau research in these 
two fields has been largely instrumental in the establishment of the 
large citrus-canning and citrus-freezing industries, which consume 
an increasing percentage of the huge crop of citrus fruits grown in 
this country. 

During the past 3 years there occurred a spectacular growth of an- 
other concentration method—preparation of frozen concentrated 
orange juices—which was pioneered by the Bureau. Numerous tech- 
nological problems have arisen in connection with this development, 
including the problem of more efficient utilization of eaidil pulp 


and other waste. The current program is designed to meet these 
mounting needs of the citrus industry. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures on this project have been about $64,000, $123,000, and 
$114,000 for the fiscal years 1948, 1949, and 1950, respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Sulfur compounds in orange juice.-—Two organic sulfur compounds 
that may influence odor and flavor have been isolated from orange 
juice and identified. Together they account for at least three-fourths 
of all sulfur compounds in orange juice. 
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An improved de-aerator for processing of citrus-fruit juices.— 
Bureau food technologists developed an improved machine for re- 
moval of oxygen prior to canning of citrus juices. This machine 
removes more than 90 percent of the dissolved oxygen originally 
present in the juice, as compared to about 34 percent removal by pre- 
viously available commercial machines. Several citrus-juice canner- 
ies in Florida have adopted this improved machine. Removal of 
more oxygen resulted in better preservation of flavor and vitamin 
content during subsequent processing and storage. 

Nitrogenous constituents in citrus juices—By means of newly 
developed analytical techniques, it was demonstrated that about 10 
percent of the solid matter of citrus juices consists of six to eight free 
amino acids. Three have never before been reported as being pres- 
ent in orange juice. The presence of these amino acids enhances the 
nutritional value of citrus juices. It was also found that the chemical 
nature of several of these amino acids was such that their breakdown 
during processing and storage might be the cause of off-flavors. 

Pasteurization investigations —The investigations conducted thus 
far have provided some information on the temperatures required for 
pasteurization of citrus juices and the variations to be expected in 
commercial practice. Synthesis of certain bitter compounds that 
exist in citrus fruits and study of their reactions has furnished basic 
information needed for the ‘development of accurate methods for 
measuring such substances and their reaction products in citrus juices. 
This is an essential step in learning the effect of pasteurization upon 
the chemical composition of the juices and how to control pasteuriza- 
tion so as to produce canned juices of higher quality and stability. 


F. SOME ADDITIONAL WORK NEEDED 


Elimination of deteriorative changes in citrus powders.—Funda- 
mental investigations are needed on the constituents of citrus powders 
to find means of preventing such changes as loss of color and develop- 
ment of haylike flavors. The solution of this problem would over- 
come one of the major obstacles to commercial acceptance of citrus 
powders. The need for stable citrus powders for the Armed Forces 
has been repeatedly mentioned by spokesmen for the Quartermaster 
Corps and in publications. 

Production of citrus concentrates that can be stored without refrig- 

ration.—There is urgent need for more fundamental knowledge on 
the chemical and biochemical changes responsible for the deteriora- 
tion in flavor of stored citrus-juice products, and for the development 
of inexpensive products sufficiently stable to be handled at ordinary 
temperatures. A large potential market exists for products of this 
‘ype 

Characterization of the volatile flavoring constituents of lemon 
juice —Frozen concentrated lemonade and lemon juice are rapidly 
gaining consumer acceptance, and the production of these products 
1s increasing each year. Work is now in progress to identify and learn 
the properties of the volatile flavoring constituents in orange and 
grapefruit juices, and to improve frozen orange and grapefruit con- 
centrates by returning to the concentrated juice the volatile con- 
stituents lost during evaporation. Similar aid is needed by the pro- 
ducers of lemon juice and lemon concentrates. 
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Utilization of frost-damaged citrus fruits—At frequent intervals 
the citrus industry sustains serious economic losses due to freezing, 
since the frozen fruit is unsuitable for shipment and use as fresh 
fruit. Most of the damaged fruit is diverted to low-return byproducts 
such as dry feed, citrus-peel oils, and citrus molasses, Limited 
amounts are used for the production of some juice products, although 
it is known that juice from frost-damaged fruit is low in quality. In- 
formation is needed on the chemical changes i in juice from frost-dam- 
aged fruit, and how such juice can be utilized to yield the greatest net 
return to the grower and processor. 

Development of a commercial method for the production of tm- 
proved citrus-peel oils —Citrus-peel oils are produced as byproducts 
of the citrus-processing industry. However, the natural, cold-pressed 
oils are quite unstable during storage and use. On the other hand, 
superior “terpeneless” oils can be prepared from cold-pressed oils by 
removal of limonene, which comprises more than 80 percent of the 
natural oil. The limonene-free oils are more stable, have a better 
flavor, and command a higher price. An economical commercial 
method for producing “terpeneless” citrus-peel oils should be de- 
veloped. 

Stabilization of citrus-peel oils with antiowidants and other 
means.—Citrus-peel oils now being produced commercially are not 
well stabilized; consequently they may develop off-flavors during 
storage. Information is needed on the possibility of preventing these 
chemical changes by adding newly developed antioxidants, “winteriz- 
ing” (low-temperature tre: atment), removal of oxygen, or by other 
means. 


DEVELOPMENT OF A Metuop To Measure Brrrer PRINCIPLES IN 
ORANGE JUICE 


(BAIC—RM: a-504—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To find a method for measuring the bitter substances that sometimes 
form in orange Juice, particul: rly in navel orange juice. Current 
work is devoted to testing juice for one of the bitter substances formed 
which is called limonin, and measuring its quantity. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-504-1—Method to measure the amount of limonin in 
oranges. The quantity of bitter substance that forms in naval orange 
juice is not always the same; it depends upon the rootstock ripeness 
of the fruit and the weather duri ing the crop year. Thus measurement 
of the content of bitter substances in juice is in fact a test of the suit- 
ability of a particular lot of fruit for processing. There are prob- 
ably several bitter substances in this juice, but the most important 
and the commonest one has been identified as a substance called 1i- 
monin. It is therefore the first to be investigated. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The fact that bitterness frequently develops in navel orange juice 
that is not consumed while fresh has interfered with the utilization 
of this variety for canned and frozen juice. The growers of navel 
oranges estimated that ebout one-tenth of the crop could not be 
sold as fresh fruit and was lost because of apparent unsuitability for 
processing. In the hope of preventing this loss work was started on 
this project early in the fiscal year 1950 to supplement the existing 
knowledge regarding the bitter substances that exist or are developed 
in orange juice. 


D. FUNDS—-ANNUAL EXPENDITURE 


Expenditures amounted to approximately $8,400 for the fiscal year 
1950, the first year for this project. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Since this project was started so recently nothing outstanding has 
been accomplished thus far. 


F. SOME ADDITIONAL WORK NEEDED 


Once developed, a convenient and reliable method of assay will be 
a powerful tool in establishing the mechanism of formation of the 
bitter substances. Studies should be instituted on methods to stop 
formation of the bitter substances, so that navel oranges can come 
into greater commercial use. 


CROSS REFERENCES—UTILIZATION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAIC—RRL-3-11, Chapter 13, fruit utilization studies of the West. 

BAIC—RRL-35-3, Chapter 38, utilization of fruits and nut residues. 

BAIC—RM: a-—145, Chapter 38, antibiotics from bananas. 

BAIC—RM: a-—520, Chapter 13, instruments to measure color and moisture. 

BAIC—BAI—BDI—RM: a-307, Chapter 14, fruit byproducts as feed. 

BHNHE—RM: a-12 and b—1-16, chapter 29, food utilization and preparation. 

BHNHE—RM: a-13, Chapter 29, family food consumption. 

BHNHE—RM.: a-345, b—-1-1T, and b—2-2, Chapter 29, distribution of nutrients in 
foods and nutritive value. 

BAIC—RM: a-182, Chapter 13, equipment for juice recovery. 


C. MARKETING 
CONSUMER PREFERENCE Researcn (Cirrus FRrurrs) 
(BAE—BHNHE—OES—RM: c-31—Federal-State—RMA Funds) 
(Related consumer preference research by BAE on other commodities is dis- 
cussed in other commodity chapters. Consumer preference research conducted 
by BHNHE and OBS, as well as line projects of BAB involving more than 


one commodity, are discussed in the general statement on consumer preference 
research in chapter 26, Economics of Marketing.) 


78552—51—vol. 2——_5 
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A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) gain information on consumer preferences for citrus fruits 
and citrus products, and (2) learn the consumption patterns by cer- 
tain geographic areas and population groups as an aid in expanding 
outlets for our tremendous production. Frozen citrus products have 
been introduced and, despite difficult handling problems, have attained 
considerable acceptance by consumers. The pack of frozen orange 
juice concentrate in Florida will approach 50 percent of the crop this 
season compared with about 10 percent last year. Frozen citrus opens 
a new market area, the extent of which cannot now be estimated. 
As the crops are expected to be even larger in the future and competi- 
tion from other fruits and juices intensified, such information is of 
great concern to the industry. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-31.22—Consumer preferences among citrus fruits and fruit 
products. To apply to the Nation as a whole the techniques developed 
in the pilot tests in Louisville and in Nelson County, Ky., and in 
Houston, Tex. The major objectives are: To ascertain use of citrus 
products—proportions of homemakers making use of the various prod- 
ucts during the year; intensity of use of the products; extent to which 
homemakers use these products consistently or occasionally ; per capita 
consumption in households using respective products; variation in 
use of citrus products in terms of year-to-year changes and within- 
year changes (seasonal variation). ‘To ascertain attitudes and opin- 
ions that influence consumers in their use of citrus products; the 
role of price, quality of product, availability of product, taste, health, 
etc., in either consistent use, occasional use, or nonuse of specific citrus 
products ; the role of above factors (price, etc.) in year-to-year changes 
in citrus consumption and seasonal variation in citrus consumption ; 
the manner in which homemakers perceive citrus products within the 
general class of fruit; attitudes toward various forms of citrus prod- 
ucts (sweetened versus unsweetened juices, etc.) and various market- 
ing methods (packaged versus loose, fresh citrus products, ete.). 

RM: c-31.25—Ability to discern slight differences in processed 
citrus juices. To find out which of several combinations of peel 
oil, sweetening, and acidity can be discerned through the sense of 
taste by a representative sample of consumers. This is expected to 
save money and increase the validity of data to be obtained in larger 
studies, by eliminating any attempt to measure consumer reactions 
to differences that are too slight to be significant. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Original research was begun in 1948 and has been expanded and 
extended because it was the opinion of the RMA Citrus Advisory 
Committee that its results would prove useful in helping to increase 
consumption of both fresh and canned citrus. With new acreages 
coming into bearing, citrus production promises to increase; long- 
range prospects for profitable returns to growers are not encouraging 
unless consumption can also be increased. Consumer research of the 
kinds mentioned is designed to provide information helpful in accom- 
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plishing this end. The three studies listed below as completed were 
preliminary to the present work. 

Citrus preferences among household consumers in Louisville and 
in Nelson County, Ky.—This was a pilot or demonstration study con- 
sisting of two parallel surveys on a cross-section ene of home- 
makers in an urban community and in a rural area. This work was 
preparatory to beginning consumer-preference work on citrus on a 
national scale. (Agr. Information Bul. No. 2.) 

Citrus preferences among shoppers in two Houston, Tex., super- 
markets.—A consumer-preference survey of households in a selected 
area in Houston, Tex., has been integrated with retail-sales data from 
stores supplying the same area. In addition, consumers’ opinions as 
to the relative value of citrus foods available in fresh and processed 
forms were checked against laboratory tests. No work has been done 
in the southern region which would have a bearing on this project. 

Consumers’ taste reactions to three experimental blends of orange 
and grapefruit juice.—To test whether consumers could tell the dif- 
ference between three experimental blends of canned citrus juice and, 
if so, what were the relative preferences for the blends. This study 
supplements other work under way both in the Department and in 
the State colleges. The study was contracted to a private research 
agency. 

D. FUNDS—ANNUAL EXPENDITURES 


Consumer-preference research on citrus fruits undertaken by BAE 
during the fiscal year 1950 cost $75,000 from RMA funds. 


E. EXAMPLES OF ACCOMPLISHMENTS 


Findings in this research have stimulated State experiment stations 
and citrus commissions to enter into planning conferences with a view 
to more intensive consumer work on processed citrus products.—A|so 
the results of the Louisville, Ky., pilot study led the RMA Citrus 
Advisory Committee to recommend that similar data be obtained on 
a national scale. Findings in most of this citrus consumer work have 
either not yet been published or were published too recently to have 
resulted in any striking changes in the marketing of these products. 


F. SOME ADDITIONAL WORK NEEDED 


See general summary of this project in chapter 26, Economics of 
Marketing. 


MEASUREMENT OF Costs AND MARGINS In MARKETING Farm Propvucts 
(Crrrvs) 





(BAE-OES 


(Related work in this project is discussed in other commodity chapters and 
in chapter 26: Economics of Marketing) 


RM: c-163—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the marketing margins for each service performed 
between producer and consumer for citrus products and to describe 
the services rendered at each stage in the marketing system. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-163.9—Marketing margins and price relationships at differ- 
ent levels of trade for selected fruits and vegetables in Denver, Colo. 
The purpose of this study is to obtain information on the interrelation- 
ship of prices at various stages in the marketing system, the relation 
competitively between fresh, canned, and frozen concentrated orange 
juice, we study the pricing policy of retailers, and to measure price 
spreads. 

RM: c—163.11—Margins involved in marketing citrus fruits. The 
over-all purpose of this project is to determine the marketing margins 
for each service performed between producer and consumer for citrus 
—, In addition, an attempt has been made to describe the mar- 
ceting services rendered at each stage in the marketing system. 

The work under this line project is being expanded to report month- 
ly fluctuations in price spreads for fresh oranges, canned orange juice, 
and frozen orange juice concentrate. The data for describing these 
price spreads are being collected at the present time for the 1949-50 
season. Monthly reports on price spreads will probably be issued 
during the 1950-51 season. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was directed to make studies of this general type 
by the Research and Marketing Act of 1946, and these specific line 
projects were given high priority by the Citrus Advisory Committtee. 
Work on citrus fruits in this project was begun in Denver in 1948. 


D. FUNDS—-ANNUAL EXPENDITURES 


RMA projects on costs and margins of marketing citrus fruits 
undertaken by BAE during fiscal year 1950 was $17,900. During the 
1949 fiscal year the expenditures totaled $9,100 and during the 1948 
fiscal year, $11,400. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Percentage of consumer’s dollar returned to growers decreased from 
43 percent in 1946 to 17 percent in 1948 for Florida Valencia oranges 
sold in major northern markets.—The eight eastern and midwestern 
markets studied take one-half of the total Florida crop. The per- 
centage of the consumer’s dollar returned to the grower was 19 per- 
cent in 1941. The rigidity of marketing charges brought about the 
reduction in grower returns when retail prices fell precipitously be- 
tween 1946 and 1948. The study also shows the costs of performing 
each of the functions necessary in marketing Florida Valencia oranges. 
The data are presented in a report entitled, “Grove-to-Retail Margins 
for Florida Valencia Oranges Marketed in Fresh Form in Selected 
Cities, 1940-48.” 


F, ADDITIONAL WORK NEEDED 


Comparisons among the costs and margins involved in marketing 
citrus fruits in different forms, i. e., fresh, canned, single strength 
juices and frozen concentrated juices. The Citrus Advisory Com- 
mittee has recommended such research. 
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Measurement of the costs and margins of citrus fruits marketed 
through various channels.—The purpose of this research would be to 
determine the more efficient channels through which the fruit may be 
marketed. 


Reoctons:. Marketing Researcu on Crrrus Frurrs 
(BAE, PMA, FCA—RM: b-191—Federal-State—RMA Funds) 


(Work conducted in cooperation with States under regional 
projects SM—4+, NCM-2, NEM-2, WM-2, WM-3, WM-8, 
NEM-3, SM-3, see Chapter 39) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) measure the costs and margins involved in marketing citrus 
fruits and relate these margins to the services rendered and volume 
handled through various marketing channels; through measurement 
of these costs and margins; to (2) locate the areas of greatest inef- 
ficiency in handling; to (3) learn the most effective means of increas- 
ing the efficiency of packing, processing, and marketing citrus fruits. 

Regional marketing research projects on these and other com- 
modities are organized around an area approach; therefore they cut 
across lines of work being undertaken in several other studies (such 
as costs and margins in project 163) and supplement the work car- 
ried on under those projects. This report covers primarily the work 
of 7 Federal agencies, although the States are doing much of the 
work. 


B. CURRENTLY ACTIVE WORK 


Marketing desert grapefruit. The purpose is to ascertain the costs 
and margins involved in marketing desert grapefruit, to estimate the 
importance of specific markets through which this fruit is sold, to 
ascertain consumer preferences for desert grapefruit, and to measure 
oo the relative importance of factors affecting the demand 

or it. 

RM: b-191-1—Marketing southern citrus. Costs of performing 
specific functions in marketing citrus fruits from producing areas in 
Florida and Texas and marketed in large eastern markets are studied. 
Phases of this study include measuring the margins involved in han- 
dling citrus fruits in each function and locating the areas in which 
costs may be reduced through improvement of inefficient operations. 
This project is carried on under three subprojects: (1) Analysis of 
packing and processing costs in Florida and Texas; (2) measurement 
of margins incurred in wholesale handling of fresh citrus fruits; and 
(3) measurement of margins involved in retailing fresh and processed 
citrus products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The diminished grower returns on citrus fruits after World War 
II focused attention of the citrus industry on methods of increasing 
efficiency of marketing. Studies of costs and margins involved in 
marketing fresh citrus fruits and citrus products were suggested by 
growers, shippers, and processors in the producing areas. 
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The Citrus Fruit Advisory Committee, in 1947, proposed a series 
of studies on marketing costs, margins, and efficiency, to learn whether 
it would be possible and feasible to reduce marketing costs and mar- 
gins through increased marketing efficiency and distribute the gains 
to growers and consumers. 

During the 1948 fiscal year each of the studies outlined above was 
begun. They have continued each year since, at the packing, process- 
ing, wholesale and retail levels. 


D. FUNDS—-AN NUAL EXPENDITURES 





| Bar 











PMA | FCA Total 
NN tls Se a oe ae $7, 200 7, 400 $7, 800 $22, 400 
ON ka oo eae anaes pads ee 11, 900 10, 300 10, 500 32, 700 
ce Be eee. ta ose ee en 15, 400 5,000 | 14,800 35, 200 


These funds do not include those contributed by the cooperating 
States. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Individual packers and processors have widely used the analysis of 
processing and packing costs in Florida and Texas, published jointly 
by the agricultural experiment stations of those States and the Farm 
Credit Administration. They use it in comparing their costs with the 
averages shown in these reports. With exception of data on frozen 
concentrated orange juice available only for the 1949-50 season, these 
data have been published for each year since the initiation of these 
projects. 

Development of techniques for measuring margins at wholesale and 
retail was furthered by the methodological studies undertaken in 
Louisville, Ky., during the 1948 fiscal year. As a result of these 
studies it was determined that, due to the joint-cost relationships pre- 
vailing in agencies handling a number of commodities, it is not feas- 
ible to measure costs of wholesaling or retailing for citrus fruits 
separately. Therefore, additional work done in later years in Pitts- 
burgh reported only margins involved in wholesaling and retailing 
citrus fruits. Data for the 1949 fiscal year are now being prepared for 
publication. 


F, SOME ADDITIONAL WORK NEEDED 


Intensified and continuing research on costs of processing, packing, 
and marketing fresh citrus and canned single-strength and frozen 
concentrated juices, is needed because of the rapidly changing market- 
ing picture brought about by the introduction of frozen concentrated 
juices, in order to measure the effects of new techniques introduced in 
marketing citrus fruit. The maximum potential value of this type 
of study can be obtained only if data are collected on a continuing 
basis so that the effects of different methods of marketing may be dis- 
covered in terms of regularities in marketing behavior. 

The consumption of citrus fruits and citrus products in institutional 
trade is an unknown quantity in the over-all pattern of citrus market- 
ing and data are sorely needed to assist in evaluating the importance of 
these outlets—Data on the volume of marketings and the margins 
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taken by handlers and service agencies selling to the institutional trade 
will assist growers and shippers in selecting more efficient marketing 
channels. Such information would give a more comprehensive picture 
of the over-all pattern of citrus margins. 


TarPROVEMENT oF Meruops or Sreritizinc Crrrus Fruirs AGAINST 
MeExIcAN FRUITFLY AND OTHER INSECTS 


(BEPQ—RM: c-305—Federal-Mexican Government—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop more effective, rapid, and economical methods of freeing 
citrus fruit from living maggots of the Mexican fruitfly and from 
other insects, without injury to the fruit. This is essential in order 
that the fruit may be permitted to move unrestricted in trade channels 
without danger of transporting insect pests to new localities. The 
current work concerns studies in Mexico of methods not under investi- 
gation on other projects provided for with regular funds. (See 


BEPQ—I-a-2, I-a-3, and I-a-4.) 
B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-305-1—To determine the feasibility of using various kinds 
of radiation in freeing citrus and other fruits of infestation by insects. 
To determine whether a rapid and economical method of freeing citrus 
fruit of insects is possible by the use of ultrasonics, dielectric heating, 
accelerated electrons, or other forms of radiation. 

RM: c-305-2—Tests of new fumigants for fruitfly maggots or eggs 
within fruit. To explore the possibility of fumigating fruitfly- 
infested fruit with newer gases or materials, so that the fruit may 
move freely to uninfested areas without carrying live fruitfly maggots 
or eggs. 

RM: c-305-3—Tests of various formulations to rid lime fruit and 
foliage of the citrus blackfly. To develop a material highly effective 
against the blackfly and noninjurious to fruit, which may be used to 
treat limes and accidentally included leaves moving into the United 
States, and thus to avoid the hazard of introducing this dangerous 
pest into the United States. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In response to an urgent need for quicker, simpler, and more eco- 
nomical means of freeing citrus from infestation by the Mexican 
fruitfly and other insect pests, allotments have been made from RMA 
funds beginning with fiscal year 1949 to conduct work on methods not 
included in the work projects carried on with regular funds. The 
object of this work has been to facilitate the movement of fruit in 
commerce without transporting dangerous pests to new localities. 
The work undertaken with these funds has been in addition to the 
work with vapor heat, which is carried on with regular funds. Thus 
far, intensive work has been done with dips and fumigants for limes 
moving out of Mexico that might carry the citrus blackfly. The fruit 
itself is not subject to blackfly attack, but most shipments include large 
numbers of leaves. It is very difficult to prevent the accidental in- 
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clusion of some of these leaves, which may be severely infested. Ex- 
ploratory work is also being done with various types of radiation— 
ultrasonics, dielectric heating, and accelerated electrons—to see if 
something of this kind could be used in a practical way. As there is 
opportunity, tests will be made of some of the newer fumigants. 

Much of the work under this project is being done in cooperation 
with the Mexican Government, at the cooperative laboratory at 
Mexico City. 


D. FUNDS—-ANNUAL EXPENDITURES 


The expenditures for 1949 were about $13,300, and those for 1950 
about $14,800. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 






Treatments being developed for citrus blackfly—Favorable pre- 
liminary results have been obtained with dips containing pyrethrum 
extract and with methyl bromide fumigation to eliminate citrus black- 
fly from leaves accidentally included with shipments of limes. 


F. SOME ADDITIONAL WORK NEEDED 


Present lines of work should be intensified and enlarged. No new 
ones are suggested at this time. 











Ustne Farm Cooperatives In Testing New EQutrMENT AND Deveor- 
ING IMprRovED Procepures To Repuce Srecrric Crrrus MarGINs AND 
Hanpurne Cost 
(FCA—RM: c-419—Federal—_RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 






























To determine and demonstrate the possibility of increasing efficiency 
and reducing the cost of harvesting and ithiites citrus by handling 
fruit from grove to packing house in bulk rather than in field boxes. 
Under contract with the Florida Agricultural Experiment Station 
commercial-scale equipment for loading citrus in bulk, hauling, color- 
ing or degreening, and transferring to the grading table has been 
built and operated at the Citrus Experiment Station, Lake Alfred, 
Fla., during the 1949-50 marketing season. Comparative tests of 
damage from bruising of fruit handled in bulk with fruit handled in 
field boxes have been conducted. Plans are under way to install the 
process in one or more citrus cooperatives in Florida to test further 
the method under actual commercial packing-house operations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-419-1.—Bulk handling of citrus fruits in Florida. To de- 
sign and construct equipment for handling citrus fruit in bulk from 
grove to packing house on a commercial scale and to correlate all units 
of the process into full-scale operation. To assist cooperatives and 
other citrus fruit shippers in adapting the process to their opera- 
tions and in converting present packing-house equipment to bulk 
handling. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Until the last few marketing seasons citrus fruit in all production 
areas was harvested, transported, degreened, and temporarily stored 
in field boxes. This method is costly and entails handling the in- 
dividual boxes of fruit several times before the packing operation. 
Many packing houses spend $5,000 or more per season for repair and 
replacement of field boxes alone. Since 1947 a few packing houses in 
Arizona have successfully handled desert grapefruit in bulk and have 
materially reduced harvesting and packing costs. However, in that 
area, grapefruit is not required to be treated in specially designed 
degreening rooms and thus can be dumped directly from the field truck 
onto the production line of the packing house. Upon recommendation 
of the Florida Citrus heal Industry Committee and the RMA 
Citrus Advisory Committee a project was initiated in 1948 to seek 
to develop a means of degreening and handling oranges as well as 
grapefruit in bulk rather than in field boxes. Pilot-scale equipment 
was designed and tested at the Florida Citrus Experiment Station in 
1948-49. This work demonstrated the feasibility of bulk handling and 
the following season a commercial-scale bulk-handling method was 
designed, constructed, and tested at the station. 


D. FUNDS—A NNUAL EXPENDITURES 


The funds for this project were as follows: $15,000 in 1949, and 
$20,000 in 1950, of which a substantial portion was contracted both 
years. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Bulk-handling methods developed.—The bulk-handling method that 
has been developed and operated at the citrus experiment station in 
Lake Alfred, Fla., has demonstrated that citrus fruit can be handled 
and colored in bulk. It is anticipated, however, that numerous prob- 
lems will need to be solved before the process will work smoothly 
under actual production conditions found in a packing house handling 
and selling citrus fruits. If the bulk-handling methods should be 
universally adopted savings to the Florida citrus industry would ap- 
proximate $2,000,000 annually on the basis of present-day utiliza- 
tion and volume. 


F. SOME ADDITIONAL WORK NEEDED 


Demonstrations needed.—Before the bulk-handling method can be 
recommended for industry-wide adoption, it will be necessary to install 
and operate the process in at least two or three commercial packing 
houses in order to test its performance under continuous plant opera- 
tion, to work out picking and hauling schedules and rates, to obtain 
costs of converting present equipment to bulk handling, and to deter- 
mine the effect on the condition of citrus at various levels of distribu- 
tion. If the method works satisfactorily in Florida it will be tested 
also in other citrus-producing areas. 
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CoorpiNaTep SeLLine or Crrrus Fruits In Fvoripa 


(FCA—RM : b-554—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this project is to develop information and analysis 
for the use of the Florida citrus industry in evaluating its potentiali- 
ties for effective group action and in building an industry-wide 
marketing organization and program. The study includes an ap- 
praisal of the effectiveness of the marketing system; an analysis of 
the methods of assembling and selling fresh and processed fruit; a 
recording of opinions of shippers, processors, and buyers regarding 
the type of central marketing organization the industry needs and the 
control measures it should employ; a history of overhead marketing 
agencies in Florida citrus; an analysis of grower-processor relations 
in Florida, other United States growing areas, and Canada; and a 
discussion of the production and price outlook for citrus fruit. 


B. CURRENTLY 





ACTIVE 





LINE PROJECTS 
RM: b-554-1—Coordinated selling of citrus fruits in Florida. 
To study, analyze and ee the services of the present citrus mar- 
keting organizations in Florida and to determine the practicability 
of developing a coordinated marketing program on a cooperative basis. 
To counsel and advise with organizations and industry leaders regard- 
ing the utilization of project findings if a coordinated marketing pro- 
gram is found feasible. 


Cc. 





HISTORY AND EVOLUTION OF THIS WORK 


During 1942-45, Florida citrus growers were fortunate in realizing 
a consistently high rate of return from their crops. However, the 
cessation of Government purchases of citrus for overseas shipment 
and the rapidly increasing production of new groves drove prices down 
below production costs during the 1946-47 marketing season. This 
situation worsened the following year and there was a strong demand 
for a program that would improve price and marketing conditions. 
The type of industry effort generally considered to offer the most 
effective machinery was a program involving closer coordination 
between the 400 fresh-fruit shippers and 50 processors in selling and 
merchandising citrus. 

Out of this chaotic marketing situation and the interest of the 
various segments of industry in jointly working out their difficulties 
grew a demand for research that would bring together information 
bearing on ways and means for building an effective marketing organ- 
ization with particular reference to central selling. As a result, a 
request for such a research project was transmitted to the Secretary 
of Agriculture by a research committee in Florida, composed of grow- 
ers, processors, packers, and members of the Florida Agricultural 
Experiment Station. The request was followed up by the Florida 
members of the RMA Citrus Advisory Committee and a project 
authorized in June 1949. The Farm Credit Administration was 
assigned primary responsibility for conducting this research. The 
Florida Agricultural Experiment Station served in an advisory 
capacity. 
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D. FUNDS—ANNUAL EXPENDITURES 


Expenditures during 1949-50, which was the first year of work on 
the project, amounted to approximately $12,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A detailed report on the findings of the study is in the process of 
preparation. It will be published for the use of the Florida citrus 
industry in its over-all marketing program; for the use of other 
agricultural industries faced with similar problems; and for refer- 
ence material for persons interested in citrus marketing. 


F. SOME ADDITIONAL WORK NEEDED 


Florida growers organized an overhead cooperative organization 
named Florida Citrus Mutual in mid-1949. This organization con- 
ducted a broad marketing program with a fair degree of success 
during the 1949-50 season. The problems attendant to administer- 
ing such a large organization are complicated by the multiplicity 
of sales agencies and the changes which the marketing system is 
undergoing with the development of frozen concentrated juice and 
the rapidly increasing production of oranges. 

The industry will need additional organizational study and market 
analysis to enable it to keep pace with its growth and changes until 
a satisfactory long-time marketing program can be developed. 


Metuops or HANDLING, TRANSPORTATION, AND STORAGE oF CrTRUS 
AND OTHER SuprropicaL Fruits 


(BPISAE b-S—-2——Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop means of evaluating maturity, to investigate methods 
of harvesting, handling, packing, precooling, storing, and transport- 
ing citrus and other subtropical fruits; and (2) develop the most 
efficient and economical practices that can be used commercially to 
deliver fruit of the best quality in prime condition to the consumer. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-8-2—1—Seasonal changes in Florida citrus fruit. To determine 
the seasonal changes in composition and quality of citrus as affected 
by soils, rootstocks, weather, sprays, and other factors, and to correlate 
the composition and quality with market suitability. 

b-8-2-2—Precooling and transportation of citrus fruits. To deter- 
mine the most effective and economical methods of precooling citrus 
and refrigerating it in transit to reduce spoilage and deliver prime- 
quality fruit to the consumer. 

b-8-2-3—Storage of citrus fruit to maintain quality and prevent 
spoilage. To determine the storage life and quality of citrus fruit 
stored in the growing area or at the market as affected by storage 
temperature, growing season, variety, maturity, field sprays, disin- 
fectant treatments, and types of packages, 
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b-8-2-4—-Suitability of new containers for citrus fruits. To study 
the effect of different types of packages, such as diphenyl-treated 
and nontreated multiwall kraft bags, mesh bags, and various kinds 
of wooden and cardboard boxes, on mechanical damage and spoilage 
of citrus in transit and at the market. 

b-8-2-5—Cause and prevention of “burnt stems” and premature 
“aging” in oranges that restrict storage life and detract from market 
quality. Studies are conducted to determine the influence of grow- 
ing and handling practices on premature aging conditions of oranges. 

b-8-2-6—Degreening of citrus fruit, physiology of rind pigments. 
To determine the effect of temperature, field-spray treatments, and 
other factors on degreening; to study the physiology of natural and 
induced changes in the rind pigments; and to investigate the possible 
use of other gases or mixtures of gases with ethylene to accelerate 
the degreening process and retard decay. 

b-8-2-7—Prevention of shrinkage of citrus fruit during storage 
or in the process of marketing, studies on waxing, and polishing meth- 
ods. To determine the effect of different wax preparations on wilting, 
aging, decay, and flavor of treated fruit. 

b-8-2-8—Handling, transportation, and storage of dates in Cali- 
fornia and Arizona. To determine the effect of relative humidity and 
temperature on storage life and quality, and to develop processes for 
softening to improve the quality of dry dates. 

b-8-2-10—Seasonal changes in California and Arizona citrus fruit. 
See statement under b—8-—2-1. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies on the handling, storage, and transportation of Florida and 
California citrus fruits were undertaken soon after the Bureau of 
Plant Industry was organized in 1901. Application of the results of 
these early studies contributed greatly to the development of the cit- 
rus industry. The early studies were concerned primarily with the 
reduction in decay by more careful harvesting and handling practices 
and refrigeration. These studies have been continued, and in addition 
physiological studies on factors that affect appearance, flavor, and 
nutritional composition have been undertaken. 


D. FUNDS—ANNUAL EXPENDITURES 


Allotments ranged from $5,000 to $15,000 from 1901 to 1920, in- 
creased to about $44,000 annually in 1934 and 1935 and, as citrus fruits 
assumed greater importance in the agricultural economy, expenditures 
for research work increased to $51,000 in 1940, $58,000 in 1944, $101,- 
540 in 1949, and $96,410 in 1950. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Control of decay developed.—The early investigations demonstrated 
that excessive decay could be prevented by careful harvesting, han- 
dling, and packing-house practices and refrigeration. Application 
of these basic principles removed the chief hazard in long-distance 
shipments of citrus fruits and made possible the development of the 
citrus industry to its present proportions. 
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Savings in refrigeration in transit costs.—Transportation tests have 
demonstrated that considerable savings in refrigeration costs can be 
made without sacrificing protection by using modified refrigeration 
services calling for less than the full number of icings given under 
the more costly standard refrigeration service which was formerly 
used. These savings amount to as much as $60 per car and have re- 
sulted in saving many millions of dollars to the citrus industry. The 
California Fruit Growers Exchange in 1949 stated that $750,000 had 
been saved in 2 years by shipping oranges in winter months under 
“controlled ventilation” instead of in iced cars, utilizing cold outside 
air for refrigeration. This method was worked out and tested by 
Department of Agriculture representatives. 

Storage manual developed.—Results of storage studies have been 
summarized in circular 278 (see table 3, p. 15 and pp. 21-25) which 
provides information on the optimum temperature, humidity, and 
other storage conditions to give the longest storage life and maintain 
the best quality. 

Improved quality — Maturity investigations in Florida, California, 
and Arizona Lave yielded important information on seasonal changes 
in the solids-acid ratio, volume of juice, and flavor of different vari- 
ties and types of citrus fruit. The results of these studies were used 
in the preparation of the 1949 Florida Citrus Code which, accord- 
ing to leaders in the citrus industry, was responsible for bringing bet- 
ter quality fruit to the market and improving the demand for Florida 
citrus. As a result of the increased demand, before early January 
when the freeze removed competitive California fruit from the mar- 
ket, Florida shippers had already received $8,000,000 more for their 
crop than they did in 1948. 

Storage of citrus.—Tests in Florida, Texas, and New York have 
demonstrated that oranges and grapefruit can be stored successfully 
either in the producing area or at the terminal market, and the mar- 
keting season is thus extended. In 1949 two carloads of Florida 
oranges after storage for 12 weeks in New York showed little decay 
and practically no pitting or aging and sold for $2 to $3.25 more per 
box than when stored. 

Improved quality in dates——A method has been developed to im- 
prove the quality of dry dates by infiltrating them with an alkaline 
sulfite solution under pressure to soften the fruit and correct acidity. 


F. SOME ADDITIONAL WORK NEEDED 


Performance of refrigerator cars.—Important changes and improve- 
ments are still being made in refrigerator cars and equipment. Addi- 
tional tests are needed to evaluate performance of the new equipment 
for different commodities. 

Determine best and cheapest protective services for various kinds of 
citrus and other subtropical fruits—Only part of the subtropical 
fruits have been extensively studied so far. Further information is 
urgently needed on other kinds and from various production areas. 

Truck transportation.—There is a growing demand for information 
on truck transportation. The performance of present equipment needs 
to be determined and the design and equipment needs improvement 
in order to provide adequate protection. 
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Transportation of frozen foods.—The rapid development of the 
frozen-citrus-concentrate industry has made it essential to determine 
whether or not present refrigerator car and equipment provide low 
enough temperatures and to test new equipment. The work has 
been started. 





INFLUENCE OF FrozEN CoNCENTRATED Crrrus JUICES ON THE PRICE- 
SrructuRE AND MARKETING Practices ror CANNED Crrrus JUICES 
AND Fresu Crrrus Fruits 


(PMA—RM: c-549—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 






To assist citrus-fruit producers in channeling fruit into those mar- 
keting outlets that will maximize their returns and to assist fresh 
fruit shippers and processors of canned and frozen concentrated juices 
in developing merchandising plans that will result in the most orderly 
marketing of the citrus-fruit crops. Present work is aimed at de- 
termining the influence of the rapidly expanding production of frozen 
concentrated citrus juices upon the handling ne marketing of fresh 
citrus fruit and canned citrus juices and at measuring the economic 
effects of this new development upon the citrus-fruit industry. 













B. CURRENTLY ACTIVE LINE PROJECTS 






RM: c-549-1—Determining effect of frozen concentrated citrus 
juices on price structure, grower returns, and marketing practices for 
fresh citrus fruit and canned citrus juices. To collect data on pro- 
duction, distribution, and consumption of frozen concentrated citrus 
juices, including data on costs and returns to growers; to develop 
information on the flow of citrus fruit in all forms of utilization from 
the grower to ultimate consumer; and to analyze the effect of changes 
in utilization upon existing facilities. 





C. HISTORY AND EVOLUTION OF THIS WORK 
A process of manufacturing frozen concentrated orange juice was 
perfected and put into commercial operation in the 1945-46 market- 
ing season. The product enjoyed immediate consumer acceptance. 
From the initial season’s production of 226,000 gallons, the output 
was expanded to more than 11,000,000 gallons in 1948-49, and during 
the current season (1949-50) production is expected to exceed 25,- 
000,000 gallons, 

Aside from technical information relating to the production of 
frozen concentrated citrus juice, plus fairly complete data on volume 
of production, little has been known of the potential economic effect 
of frozen concentrated juices upon the citrus industry. It was readily 
apparent that the channeling of large volumes of fruit into the manu- 
facture of frozen concentrated juice would have a marked effect upon 
all sectors of the citrus industry. This project was initiated in order 
to improve the economic information velating to frozen concentrated 
citrus juices and to evaluate the effect of these products upon returns 
to growers, upon the marketing framework, and upon the utilization 
of citrus fruits, particularly oranges. 
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D. FUNDS—ANNUAL EXPENDITURES 


The expenditures for 1950 were $4,500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Inasmuch as work under this project was initiated late in fiscal 
year 1950, there are no outstanding accomplishments to report. The 
task of data collection is now going on, but analyses of the data and 
the development of significant results have not yet been made. 


F. SOME ADDITIONAL WORK NEEDED 


Analyses contemplated under this project have been hampered and 
will continue to be hampered by the lack of adequate information on 
various phases of the production and distribution of frozen concen- 
trated citrus juices. Data available to researchers, for example, are 
not complete on costs of processing these products in all of the major 
producing areas. 

Moreover, there are considerable gaps in the information covering 
movement of these products at each stage from processor to consumer. 
Institutional outlets, such as restaurants, hotels, and hospitals, for 
example, are known to be using considerable quantities of frozen 
concentrated juices. However, there are no reliable data at present 
on the volume of such utilization. 


CROSS REFERENCES——-MARKETING 


For additional information especially pertinent to subjects re- 
ported on in this chapter, see also: 


BAE—A-2-1, Chapter 38, monograph on production and price-supporting pro- 
grams for citrus-fruit. 

BAE—A-2-5, and RM: c-32, Chapter 27, consumption of canned fruits and 
vegetables. 

BAE—A-2-7, Chapter 13, price, supply, and consumption of fruits and tree 
nuts. 

BAE—A-2-16.1 to 24.1, Chapter 26, research and analysis for serving current re- 
quests on citrus fruits. 

BAE—RM: a-417, Chapter 26, market outlets for papaya products and citrus 
fruit. 

BAE, PMA—RM: c-389, Chapter 13, survey of marketing of fruits, fruit products 
and tree nuts. 

BAE, PMA, OES, BHNHE, BAIC, BDI, BPISAE, BEPQ—RM: a-c-518, Chapter 
26, technological changes affecting marketing and utilization. 

BAIC—RM: a-421, Chapter 19, temperature requirements of frozen fruits in 
warehouses and in transit. 

BEPQ—RM: c-304, Chapter 14, insect debris in processed fruits and vegetables. 

BPISAE—b-S4, Chapter 13, market disease of fruits and vegetables. 

BPISAE—c-2-3, Chapter 30, storage structures and equipment. 

BPISAE—RM : a-—45, Chapter 14, decay in transported fruits and vegetables. 

BPISAE—RM: c-52, Chapter 20, refrigeration, source, and market. 

BPISAE—RM : c-294, Chapter 37, bibliography on biology and handling. 

BPISAE—OES-RM: c-413, Chapter 20, cold storage of citrus fruits. 

EXT—RM: c-95, Chapter 37, fruit marketing. 

)1X T—Educational work in marketing fresh fruits, chapter 37. 

FCA—a-1 4, Chapter 14, assistance for fruit and vegetable cooperatives. 

FCA—a-—1-12, Chapter 36, revision of circular C—121, “The Citrus Industry and 
the California Fruit Growers Exchange System’”’. 
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FCA—RM : c-84, Chapter 14, merchandising products processed by horticultural 
cooperatives. 

OFAR—RM : c-2 RM: c-544, Chapter 23, foreign competition and markets. 

PMA, FCA, OES, BPISAE—RM: a-c-44, Chapter 36, prepackaging of perishable 
horticultural products. 

PMA—RM .: c-85, Chapter 34, grades and standards. 

PMA—RM : c-86, revised, Chapter 36, expanding market outlets, etc. 

PMA—RM .: c-106, Chapter 36, improving distribution methods and practices. 

PMA—RM: c—286, Chapter 19, standards for containers. 

PMA—RM: c-387, Chapter 34, consumer grades. 

PMA—-RM : c-430, 431, 432, Chapter 36, marketing service programs. 

PMA—Chapter 19, Freight rates for farm products. 

PMA—Chapter 35, Marketing regulatory acts applicable to fruits and vegetables. 

PMA—Chapter 34, inspection of fresh fruits and vegetables. 

PMA—Chapter 34, processed fruit and vegetable inspection. 

PMA—Chapter 34, development of grades and standards for fresh fruits, fresh 
vegetables, nuts, and miscellaneous products. 

PMA—Chapter 13, improving marketing methods and distribution of fruits and 
vegetables. 

PMA—Chapter 36, obtaining adequate marketing, storage, and transportation 
facilities. 

PMA—Chapter 35, administration of United States Warehouse Act. 

PMA, BAE—RM: c—133, Chapter 34, adequacy of grades and standards. 

BAEK—A-2-7, Chapter 13, price, supply, and consumption analysis for fruits and 
tree nuts. 

PMA, FCA—RM: c-75, Chapter 36, market facilities, organization, and equip- 
ment. 

PMA, OES—RM: c-—203, Chapter 19, transportation of frozen citrus concentrate. 

PMA, OES—RM: c-393, Chapter 36, improved wholesaling and retailing methods ; 
Chapter 32, for reports on crop and livestock estimates; Chapter 33, for com- 
modity market news service. 

PMA—Market news service, chapter 33. 

PMA—RM: c—448, Chapter 33, market information on frozen foods. 

PMA—RM: c-55, Chapter 33, improving wholesale market news. 

PMA—RM: c-157, Chapter 33, developing retail market news. 

PMA—RM : c-167, Chapter 19, packaging materials and loading techniques. 

PMA—RM: c-441, Chapter 19, obtaining equitable and reasonable transportation 
rates. 

BAE—RM: c-168, Chapter 19, transportation costs and economic effects. 

BAE—RM: c-205, Chapter 26, general economics of marketing. 

EXT—RM : c—96, Chapter 37, consumer education. 

EXT—RM: c-98, Chapter 37, new market information and basic data. 

OES—Chapter 39, research at State Experiment Stations. 
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DECIDUOUS FRUITS AND EDIBLE TREE NUTS 
Chapter 13—Part II 


ForEWORD 


This chapter is made up principally of statements on research work 
with deciduous fruits and edible tree nuts, classified under the three 
broad divisions of production, utilization, and marketing. Under pro- 
duction are placed the reports dealing with cultural practices, breed- 
ing or improvement, disease and insect control—grouped within four 
divisions of kinds of fruits or nuts. Under utilization are reports 
concerned with fundamental studies, as well as those designed to de- 
velop new and expanded uses as human food, for industrial purposes, 
for livestock feed, and with development of new equipment. Under 
marketing are reports on handling, storage, and transportation in 
the preservation of quality; price, supply, and consumption analyses; 
consumer preferences; costs and margins; and regional marketing 
research. 

Cross references are listed at the end of each of the preduction, 
utilization, and marketing divisions. They point out sources of other 
information in part II directly concerned with deciduous fruits or 
edible tree nuts, or which is of possible value to those interested in 


these commodities. These references provide the basis for a more 
comprehensive picture of the Department’s work with the commodi- 
ties. 
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A. PRODUCTION 
AppLe AND Pear Propuction, DiIsEAses, AND IMPROVEMENT 
(BPISAE—b-1-1—F ederal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To (1) breed varieties of apples and pears that will be fully hardy 
and will be resistant to diseases, such as pear blight, and which will 
have high dessert quality and good commercial qualities under the 
different conditions of the United States; (2) devise methods and 
materials for the control of diseases affecting apples and pears superior 
to those in current use; (3) improve methods of soil management and 
fertilizer practices for different areas; (4) devise better methods of 
fruit thinning by the use of chemicals; (5) find the most useful hor- 
mone sprays to prevent fruit drop of important varieties which now 
‘auses the loss of several million bushels annually; and (6) evaluate 
understocks for apples and pears that will be hardy in northern regions 
and will be resistant to the diseases that affect these fruits. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-1-1—Breeding apples for hardiness and quality. To originate 
new varieties of apples that are fully hardy in Northern States and 
that have desirable fruit qualities for home use and for market. 

b-1-1-2—Breeding pears for disease resistance and quality. To 
originate pears of high quality and long-keeping in the western 
United States and to originate varieties resistant to fire blight and 
adapted to climatic conditions in Central and Southern States, having 
desirable eating and canning qualities. 

b-1-1-8—Evaluation of varietal strains of apples. To determine 
the best strains of the color sports of apples for use by growers in the 
United States. 

b-1-14—Soil management and fertilizer practices. To determine 
the response of apple trees to orchard soil management and to fertilizer 
practices, and to devise improved methods. 

b-1-1-5—Nutrition of apple trees and symptoms of nutrient defi- 
ciencies. To study the response of apple trees to the different ele- 
ments, such as nitrogen, phosphorus, potash, magnesium, zinc, calcium, 
etc., and to note the symptoms of the deficiencies of these elements for 
use in correcting conditions in orchards. 

b-1-1-6—To determine the causes of water core, internal cork, bitter 
pit, and other physiological diseases of apple and to devise means of 
controlling these troubles. 

b-1-1-7—Drought spot and other physiological disorders of pear. 
To devise means to control drought spot and other physiological dis- 
orders of pears, 
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b-1-1-8—Prevention of spring frost damage by use of hormone 
sprays to delay blooming. To find some hormone or chemical that 
sprayed on apple and pear trees will delay blooming until after danger 
of frost damage. 

b-1-1-9—Prevention of fruit drop by preharvest hormone sprays. 
To study the conditions under which the different preharvest hormone 
sprays can be used on apple and pear trees to prevent loss by the fruit 
dropping before picking and to study differential varieta] response to 
such materials, 

b-1-1-10—Thinning by spraying to increase fruit size and quality, 
save labor, and control biennial bearing. To study the conditions 
under which the fruit may be thinned by spraying at blossom time so 
as to increase the size and quality, save labor, and produce annual 
crops of large-sized fruit. 

b-1-1-11—Methods of improving water penetration in pear or- 
chards having adobe soil. To devise methods of improving the water 
penetration in irrigated regions where very heavy soils make the usual 
methods difficult to use. 

b-1-1-12—Relation of tree growth to yield of pears under irriga- 
tion. To determine the amount and time of the use of irrigation water 
to obtain the highest yields of the best quality pears in irrigated 
regions. 

b-1-1-13—Fertilizer practices to improve yield and quality in bear- 
ing pear orchards. To study fertilizer practices and devise better 
methods and fertilizers to use in pear orchards to increase yields and 
improve quality. 

b-1-1-14—-Development of new fungicide materials. To assist in 
the development of new fungicide materials to control apple and pear 
diseases. 

b-1-1-15—Testing of new fungicides for the control of apple scab 
and bitter rot. ‘To test new fungicides and methods for applying them 
to control apple scab and bitter rot. 

b-1-1-16—Testing of new fungicides for control of perennial canker 
rot and other rots in the Pacific Northwest. To test new fungicides 
and methods of applying them for the control of these diseases in 
the Pacific Northwest. 

b-1-1-17—Lime-induced chlorosis and its control. To study the 
yellowing of foliage of apples and pears under conditions where lime 
has been applied or on alkaline soils, and to devise methods for control 
of this trouble. 

b-1-1-18—Testing of new fungicides for the control of pear scab 
in the Pacific Coast States. To test the new fungicides for the control 
of pear scab in the Pacific Coast States. 

b-1-1-19—Effect of DDT applied to apples upon vigor and quality 
of fruit produced. To study the effect of DDT and other organic 
materials applied to apples upon tree vigor and the quality of the fruit 
produced by the tree. 

b-1-1-20—Diagnosis and control of measles of apples. To study 
the causes of the troubles of apples called measles and to devise 
methods for control. 

b-1-1-21—Evaluation of understocks of apple trees. To test the 
new understocks of apple trees appearing in foreign countries and in 


this country and to evaluate them, considering their vigor, hardiness, 
and resistance to disease. 
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b—1-1-22—Evaluation of understocks for pear trees. To study 
the new understocks introduced from foreign countries and introduced 
in this country for pear trees, particularly as to their effect on fruit 
quality and tree growth. 

b-1-1-23—Cause and prevention of root-rot diseases of orchard 
trees. Tostudy the root-rot troubles of fruit trees in different sections 
of the country and determine their cause and best methods for control. 

b-1-1-24. Leaf and stem diseases of fruit trees inthe nursery. ‘To 
study leaf and stem diseases of fruit trees in nurseries and devise 
means for their effective control. 


C. HISTORY AND EVALUATION OF THIS WORK 


Studies on apple and pear production were started very early in the 
development of the Agriculture Department, and extensive studies 
were made during the early 1890’s. Much of the early work was con- 
cerned with the control of diseases, particularly pear blight and nur- 
sery troubles. The best varieties for different sections were evaluated 
in extensive studies and surveys. Beginning about 1930, emphasis 
was placed on the development and testing of new fungicides. This 
has continued to the present time. Extensive studies of the effect of 
irrigation, both under humid and dry-land conditions, and on control 
of biennial bearing were also begun about 1930. Specific effects of 
different nutrients on tree growth and fruit development and quality, 
and studies on the color sports of apples, were begun in the 1930's. 
During the late 1930’s studies were begun on chemical thinning of 
fruit and on stop-drop sprays. Recently, studies of prevention of 
cracking of the Stayman Winesap variety and of giant sports of the 
different varieties, particularly for use in breeding larger-fruited 
sorts, has been aeclenne: 


D. FUNDS—ANNUAL EXPENDITURES 


A rough estimate of the annual expenditures from about 1890 to 
1900 would be $10,000 to $40,000. From 1900 to 1920, the annual 
expenditures ranged from about $30,000 to $100,000; from 1920 to 
1929 from $100,000 to $130,000; from 1930 to the present it has ranged 
between $132,000 in 1930, $121,000 in 1935, $178,000 in 1940, $138,000 
in 1945, and $130,210 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Pear-blight control—In early work it was discovered that pear 
blight was spread by bees carrying the bacteria from flower to flower 
and tree to tree at the time of blossoming. By demonstrating that if 
all the blighted parts of the tree were cut out and burned, pear blight 
could be controlled, the great pear industry of the Pacific coast was 
made possible, and the entire western pear industry stands as a monu- 
ment to this work. 

Pear pollination.—In the 1890’s, workers in the Department first 
demonstrated that pears required cross-pollination for proper set 
of fruit and that the conditions from year to year and in any given 
locality determined the extent of the self-fertility or self-sterility 
of different varieties. Later, other workers found the same to be true 
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for apples, some plums, and sweet cherries. This knowledge of cross- 
pollination requirement, now universally used by orchardists, has re- 
sulted in greatly increased crop production. 

Apple blotch and bitter rot control_—During the period 1900-10 
workers in the Department first demonstrated that bordeaux mixture 
was an effective fungicide for the control of these two serious apple 
diseases. Control procedures developed during this period were 
standard orchard practices until 1944. In that year Department 
workers showed that bitter rot could be controlled by the organic 
fungicide 2,3-dichloro 1,4 naphthoquinone. During the period 1944 to 
1948 Department workers also demonstrated that ferbam (ferric 
dimethyldithiocarbamate) was a satisfactory substitute for bordeaux 
mixture for the control of the apple-blotch fungus. The use of these 
organic materials reduced the losses due to copper injury which so 
frequently was the aftermath of the extensive use of bordeaux mixture. 

Pear-scab control.—Department workers during the period 1940- 
50 demonstrated that ferbam would control the pear-scab fungus in 
the Pacific Northwest and at the same time not produce a russet type 
of injury on the fruit. This discovery has resulted in an estimated 
increased production of 300,000 boxes of Anjou pears each year. 

Fungicide testing methods.—Department workers have devised a 
routine procedure for testing the fungicidal properties of new com- 
pounds which combines a laboratory technique with a study of the 
effect of environmental conditions upon the fungicidal properties of 
the new compounds. This combined laboratory-outdoor screenin 
»rocedure is considered to yield much more reliable data on the possi- 

le effectiveness of new compounds than the strictly laboratory screen- 
ing procedures carried on in many laboratories. More than 700 com- 
pounds have been evaluated under this procedure. 

Some publications are as follows: 

Apple Varieties and Important Producing Sections of the United States, Farm- 

ers’ Bulletin 1883. 

Hstablishing and Managing Young Apple Orchards, Farmers’ Bulletin 1897. 
Harvest Sprays for the Control of Fruit Drop, Circular 685. 

Pear Growing in the Pacific Coast States, Farmers’ Bulletin 1739. 

The Control of Apple Bitter Rot, United States Department of Agriculture 

Bulietin 93, 1906. 

Apple Blotch and Its Control, United States Department of Agriculture Bulletin 

534. 

Fungicides in Relation to Scab and Fruit Russet of Pear in the Hood River 

Valley, Oreg., Phytopathology, 35, pages 714-722, 1945. 

Ferric dimethyldithiocarbamate—A Satisfactory Material for the Control of 
the Apple Blotch Fungus, Plant Disease Reporter, 32, pages 135-137, 1948. 
Spray Experiments With Organic Fungicides for the Control of Apple Bitter 

Rot, Plant Disease Reporter, 28, pages 1035-1037, 1944. 

Fungicidal and Phytotoxic Properties of 506 Synthetic Organic Compounds, 

Plant Disease Reporter, supplement 182, 1949. 

Nitrogen requirements of apple and pear orchards.—In the 1930's, 
studies in the Department indicated the best times of application of 
nitrogen and that increased amounts would result in greatly increased 
production of most orchards. 

Chemical thinning of fruit.—Beginning in the 1930's, studies were 
initiated on the thinning of fruits by chemicals to eliminate the ex- 
pense of hand thinning. Chemical thinning at blossoming time 
resulted in a repeat crop the following year, whereas trees thinned 
by hand usually would not come back with a good crop the following 
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year. In some areas the increase in yield has averaged as much as 
eight field boxes of fruit per tree per year. The method is now in 
use on thousands of acres of commercial trees. 

Stop-drop sprays—The discovery in 1939 that certain hormone- 
like chemicals would prevent the harvest dropping of apples and 
pears has been of tremendous value to the industry. When applied be- 
fore the maturing of the fruit, they will stop the fruit from dropping 
and make it possible to sell the several million bushels of fruit for- 
merly lost annually from this cause. 

Giant sports are tetraploids—Recently it has been found that the 

iant sports of certain apples and pears are due to tetraploid tissue, 
Faving four sets of chromosomes in the cells instead of two sets. Six 
of these tetraploid varieties have been discovered that can be used 
in breeding much larger-fruited varieties. A special technique has 
been devised to propagate fully tetraploid sports from those that are 
partially tetraploid, so that still other varieties can be made available 
for use in breeding. 


F. SOME ADDITIONAL WORK NEEDED 


Development of tetraploid apples and pears.—Tetraploid apples 
and pears so far have been about twice the size and of approximately 
the same quality as normal ones. Because triploid apples (with three 
sets of chromosomes) are so outstanding in tree and fruit characters, 
the use of a tetraploid apple (four sets) in crossing with a diploid 
(two sets) to get new triploids would seem to be one of the best ways 
of improving apples. So far the Department has been a leader in this 
particular line, trying to furnish breeders with tetraploids for use in 
getting varieties adapted to their conditions. Many partly tetraploid 
apples have been obtained, but these need to be made into full tetra- 
ploids so that they can be used by breeders. An example of the possible 
use would be the crossing of a tetraploid Winesap with the regular 
Grimes to give an apple of the Stayman type which would not crack 
and which would keep much longer. 

Nutritional status of American orchards.—Several local surveys 
have been made of nutritional status of apple and pear orchards. This 
work has helped greatly in understanding the soil and fertilizer re- 
quirements for such areas. However, there is need for a national 
survey of the nutritional status of orchards, standardizing the nu- 
trient status for highest crop production and comparing well-man- 
aged orchards on different soil types in various localities with such 
standards. Such studies could result in greatly changed soil fertility 
and soil-management practices, and in greatly increased and more 
economical yields. 

Mulching fruit trees—It has been demonstrated that mulch not 
only conserves moisture but may be an effective way of applying ferti- 
lizers to orchards. Very large crops of hay mulch can be grown on 
otherwise waste land, and this hay mulch may be made very high in 
sae by nitrogen applications to the hay-producing land. Such 
mulch may be the most effective way of applying fertilizers to or- 
chards in humid regions, particularly to control nutrient deficiency 
disorders. The effect of this method of applying nitrogen on other 
nutrients, on fruit color, and on pest control remains to be fully 
considered. : 
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Maintenance of high nitrogen in fruit orchards.—The application 
of nitrogen at high rates to fruit trees, both in the form of inorganic 
fertilizers and in mulches, should be compared with methods of apply- 
ing nitrogen (as urea, etc.) in various types of sprays directly to 
the foliage of the trees to determine if new practices can be developed 
which are much cheaper and more effective in maintaining high nu- 
trient levels in orchards. 

Development of new fungicide materials and practices —Some of 
the new fungicides cause far less damage, or no ekenns at all, to the 
foliage of fruit trees. Many new fungicide materials are being de- 
veloped and should be tested to see if fully effective and cheaper 
fungicides may not be found for control of tree-fruit diseases. Some 
of the new fungicides can be applied as concentrates at a much less 
cost than has been the practice in past years, and continued develop- 
ment of such concentrates should be studied. 

Vuicker results in apple and pear breeding.—At present it is often 
10 to 15 years before apple and pear seedlings can be evaluated for 
their qualities. This has hindered the development of improved 
varieties very greatly. Research is needed on (1) shortening the 
period of bringing apples and pears into fruiting so that they 
be evaluated in 3 to 5 years instead of 10 to 15 years, and (2) on 
developing methods of testing small seedlings for resistance to such 
diseases as pear blight and pear leaf spot. 

Homogeneous red sports of varieties needed.—Red sports at present 
are probably all chimeral in nature and, therefore, can revert to 
the orginal variety. To obtain homogeneous red sports that will 
remain true, adventitious shoots should be induced on each such 

variety to form the future reliable stocks for propagation by the 
nursery trade. 

Breeding apples and pears for southern regions —The remarkable 
adaptation of some pears of very poor quality to southern United 
States and the fact that species of small-fruited apples are also native 
to this region indicates that, with modern plant-breeding methods, 
fully satisfactory varieties of these fruits can be bred for this region. 








INVEsTIGATIONS OF [Nsects ArrectinG APPLE, PEAR, AND QUINCE 





(BEPQ—I-b-2—F ederal-State—Regular Funds) 








A. PURPOSE AND NATURE OF CURRENT WORK 





The purpose of the work carried on under this project is to accumu- 
late as much information as possible on the biology and habits of the 
several hundred kinds of insects that have been recorded as feeding on 
apple, pear, or quince (other than codling moth, for which see I-b-1, 
p. 1080); and, with this as a basis, to develop effective and eco- 
nomical measures for their control. Some of these insects cause serious 
losses somewhere every season. Most of them are usually of minor 
importance, but they may at any time suddenly | increase to great 
numbers. Currently, among the problems being given special atten- 
tion are the orchard mites and redbanded leaf roller, which have be- 
come unusually abundant and destructive since general orchard use of 


DDT. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


I-b-2-6—Studies of the causes of increases in mite populations in 

ple orchards following the use of DDT. To determine, as com- 

pletely as possible, the exact way in which the use of DDT in orchards 
results in increases in mite populations. 

I-b-2-7—Studies of methods of controlling mites on apple trees. 
To develop effective and practical means of controlling mites in con- 
junction with the DDT spray program for codling moth control. 

I-b-2-8—Control of apple maggot. To dev elop effective programs 
for the control of the apple maggot in apple orchards that will fit in 
with the codling moth spray schedule and not cause excessive residue 
at harvesttime. 

I-b-2-9—Tests of new insecticides for pear psylla control. To ob- 
tain full information on the value of certain new insecticides for pear 
psylla control in the Pacific Northwest. 

I-b-2-10—Biology and control of the red-banded leaf roller. To 
obtain detailed information on the biology and seasonal history of the 
red-banded leaf roller in different localities, to determine the reason 
for its sudden increase in DDT-sprayed plots, and to develop a spray 
program for its control. 

I-b-2-11—Effect of DDT on natural enemies of orchard insects. 
To determine the toxicity of DDT and other new insecticides to the 
ew of orchard insects, and to determine the practical 
effect of such toxicity when the new insecticides are used on a com- 
mercial basis. 

I-b-2-12—Studies of miscellaneous apple, pear, and quince insects. 


To accumulate as much information as possible on the less important 
pests of apple, pear, and quince for its value when sudden outbreaks 
occur, 

I-b-2-13—Control of woolly apple aphid on roots of apple nursery 
stock. To develop effective and economical methods of controlling 
the woolly apple aphid on the roots of apple nursery stock. 


C, HISTORY AND EVOLUTION OF THIS WORK 


At no time in the history of the Department have studies of this 
group of insects been absent from the program. In the first report 
(1863) of the first entomologist employed by the newly formed De- 
saree of Agriculture, information was included on a number of 
insects that were then causing damage to apple, pear, or quince. In 
the eighties, the San Jose scale, which had been found in California 
the decade before, came in for a great deal of investigation. In the 
next decade or two the same insect was under the spotlight in a number 
of Eastern States. From 1910 to 1926 much work was done on a wide 
variety of apple and pear insects including the apple maggot, apple- 
tree borers and many others. In the early twenties a sudden increase 
in the extent of damage by the San Jose scale in the Middle West and 
the failure of lime sulfur to control it necessitated a restudy of the 
problem and the development of more effective insecticides. From 
1926 until 1943, most of the insect problems of apple and pear were 
largely neglected i in favor of the critical codling moth and spray resi- 
due problems. However, late in this period funds were allocated for a 
study of the Comstock mealybug, which at that time was causing 
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serious damage in widely scattered eastern orchards. About 1947, 
after DDT had come into wide use, the pressure for work on the 
codling moth slackened and attention was shifted to orchard mites 
and other pests which had suddenly become much more important. 
About the same time the invasion of western pear orchards by the pear 
psylla made it necessary to devote considerable time and effort to this 
problem. 


D. FUNDS—-ANNUAL EXPENDITURES 


The expenditures for studies of insects affecting apple, pear, and 
quince have fluctuated widely, depending on the relative urgency of 
the various problems. Expenditures in the early years were made 
from general funds appropriated for use on entomological work, or 
from general allotments for deciduous fruit insect investigations. 
Close estimates on expenditures in these years are, therefore, not 
available, but they nice ranged from a few hundred to perhaps 
$5,000 in certain years. From 1910 to 1921 the amounts spent annu- 
ally ranged from about $3,000 to $9,000. From 1922 to 1926, when the 
San Jose scale was being restudied, the expenditures varied from about 
$12,000 to $21,000. From 1926 through 1946, because of concentration 
on the codling moth problem, less work was done on the other insects 
of apple and pear. The amounts spent during this period varied a 
great deal, from as low as $1,000 up to $16,000, the average bein 
about $7,000. Since that time the work on mites and other apple an 
pear pests has been stepped up markedly, and the allotment for the 
fiscal year 1950 was about $58,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Knowledge of the biology of apple and pear insects is basis of con- 
trol—From time to time studies have been made of the biology of 
many insects affecting this group of fruits, and the results have been 
recorded in numerous Department publications. The biological in- 
formation in these bulletins is most useful whenever any of these pests 
become serious enough to require consideration, especially in planning 
a research program to develop adequate control measures. 

Value of lead arsenate in apple maggot control established.—Studies 
carried on in Connecticut from 1918 to 1922 established the fact that 
lead arsenate is an effective insecticide for maggot control. This 
material has since been standard, except for situations where spray 
residue problems prevent its full use. 

Lubricating oil emulsions saved Middle West apple orchards from 
destruction by the San Jose scale. About 1920, the San Jose scale, 
which for years had been controlled by the use of lime sulfur, sud- 
denly became exceedingly destructive in the Middle West and killed 
many hundreds of acres of apple trees outright. For some unknown 
reason lime sulfur suddenly became ineffective. The work of the 
Department in the Ozark region showed that very effective control 
could be obtained by spraying with 2 to 3 percent of an emulsified low- 
grade lubricating oil. This method, promptly adopted by the growers 
throughout the area, proved to be the salvation of the orchard industry. 

New materials found for the effective control of pear psylla—With 
the invasion of the Northwest by the pear psylla in the early and 
middle forties and the scarcity of nicotine, a former standard material, 
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extensive studies were made of various new insecticides, both in the 
Northwest and the Hudson River Valley. Growers now have a choice 
among several insecticides including parathion, ground cube root 
with oil, and toxaphene, as a result of these studies. 

Effective control of orchard mites made possible by new insecti- 
cides.—With the general use of DDT, orchard mites have suddenly 
become much more abundant and destructive. The need for better 
insecticides than those formerly available is being met by intensive 
work. Asa result of this work, several new materials have been found 
effective and are being used by growers in their spray program. 
Among the materials found thus far are several complex organic 
materials known to the trade as DMC, EPN, and Karamite. Para- 
thion is also effective, but involves a serious hazard to the operator. 

Parasites control Comstock mealybug.—The Comstock mealybug, a 
pest of apple and some other fruits, suddenly became a pest of major 
importance in the middle thirties in a number of orchards scattered 
throughout the East, with the greatest damage in Virginia. The 
Bureau brought in several parasites of the pest from Japan that 
seemed to be controlling the mealybug in that country and liberated 
them in the infested orchards in the States. The mealybug outbreaks 
subsided within a very few years and no damage has been done for 
some time. 

Red-banded leaf roller controlled with TDE.—The red-banded leaf 
roller is an insect that suddenly became important following the intro- 
duction of DDT, which is of comparatively little value in its control. 
Experimental work at points in the East and Middle West soon showed 
that TDE is extremely effective in controlling this pest. Growers 
promptly began using TDE and their losses to the red-banded leaf 
roller were cut to a very low point. 

Parathion controls San Jose scale and other scale insects.—Inci- 
dental to the work on the control of mites in apple orchards it has been 
found that parathion applied during the summer period is very 
effective in controlling the San Jose scale and certain other species of 
scale insects. Although this material is hazardous to handle, many 
growers who are using it for mite control are getting much incidental 
benefit in the control of scale insects. If the use of parathion turns 
out to be practical and safe, growers may be able to eliminate the 
dormant sprays of oil, which have to be put on during the period of 
the year when conditions are generally unfavorable for effective 
spraying. 


F. SOME ADDITIONAL WORK NEEDED 


Continuous evaluation of insecticides needed.—New insecticides are 
becoming available in increasing numbers. An essential part of the 
work on apple and pear insects should be the evaluation of such in- 
secticides in order to determine the pests for which they are effective, 
the formulations and concentrations needed for various purposes, the 
effect on trees, foliage or fruit, and any disadvantages that may affect 
the practical use of oul materials, including the effect on orchard 


workers, any possible hazard of residues to the consumer, and the 
effect of accumulations of the insecticides in orchard soils. 

The effect of various insecticides on natural enemies of fruit insects 
should be studied more fully.—The use of DDT was followed by seri- 
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ous outbreaks of mites and other pests, against which DDT is com- 
paratively ineffective. Although the full explanation has not been 
developed, it is very evident that DDT has reduced or eliminated a 
number of natural enemies that would ordinarily keep these pests 
within bounds. A careful study of this entire field is needed, in order 
that insecticides may be used as far as possible in such a way that the 
effect on parasites and predators may be minimized, and preferences 
given as far as possible to insecticides that have less of such effects. 
This research would fall under project I-n-5 (ch. 31, p. 2161). 

Control methods are needed for the woolly apple aphid in nursery 
stock.—Many eastern nurserymen have to discard a third or more of 
their apple nursery stock because of the presence of galls produced by 
the root form of the woolly apple aphid. No practical method of deal- 
ing with this problem has been available until recently. There are 
indications that some of the new insecticides can be effectively used in 
the soil to prevent woolly apple aphid damage, and a thorough inves- 
tigation of this possibility is much needed. 


Coptine Morn INvEstTIGATIONS 
(BEPQ—I-b-1—Federal-State—Regular Funds) 


The purpose of current work is to develop better methods of con- 
trolling the codling moth, the most important apple insect pest in this 
country. In the absence of control measures the entire crop is often 
completely ruined. Before DDT, losses were estimated as more than 
10 percent, or 13 to 25 million dollars annually, depending on crop 
values. Control with lead arsenate added at. least an equal amount to 
the total cost of this pest to the grower. With the present use of DDT, 
losses and control costs are much lower. Currently, the objective is to 
develop even more effective and economical measures that (1) fit in 
with control programs for other insects and diseases, (2) leave no 
harmful residues on the fruit or in the soil, and (3) result in the least 
harm to natural enemies of various pests. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-b-1-1—Preliminary laboratory testing of new materials for spray 
mixtures for codling moth control. To test in the laboratory possible 
new insecticides for the codling moth to determine whether they are 
worthy of more extensive experimentation. 

I-b-1-2—Laboratory field experiments in codling moth control. 
To obtain detailed information on the outdoor use of insecticides and 
spray mixtures applied for codling moth control, and to determine 
what new materials should be taken into large-scale field testing. 

I-b-1-3—Field testing of insecticides for codling moth control. To 
determine, under commercial orchard conditions, the value of various 
insecticides, spray mixtures, and spray programs for codling moth 
control. 

I-b-14—Laboratory and field tests of poison sprays and dusts 
against codling moth adults. To determine the effect on the moths of 
various insecticides applied for codling moth control, and to develop 
spray mixtures and programs that will kill as many of the moths as 


possible and thus reduce the number of worms that try to get into the 
fruit. 
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I-b-1-5—Laboratory and field tests to determine the influence of 
article size on toxicity and effectiveness of insecticides against cod- 

fing moth larvae. To determine, for each insecticide that comes into 
use for codling moth control, the particle size that gives the highest 
degree of effectiveness. ar 

I-b-1-6—Laboratory studies on the use of the new insecticides with 
fungicides. To determine whether the newer insecticides can be used 
with fungicides, with which it may be necessary to combine them in 
practical orchard operations. 

I-b-1-7—Laboratory studies on poisoned baits for the newly 
hatched worms. To develop an effective bait for the newly hatched 
codling moth worm, in order that it may be killed before it tries to 
gnaw into the apple. j a 

I-b-1-8—Small-scale tests to determine effect of insecticides alone 
and with fungicides on fruit trees. To determine at an early stage in 
the investigations the probable effect of new insecticide materials, 
either alone or with common fungicides, on the foliage and fruit of 
the common orchard trees. 

I-b-1-9—Studies of methods of applying insecticides for codling 
moth control. To adapt the newer types of blowérs, dusters, fog ma- 
chines, both as ground equipment and in aircraft, to the control of the 
codling moth and other orchard insects. 

I-b-1-10—Studies of the development of differences in the ability 
of local orchard strains of codling moth larvae to enter fruit sprayed 
with lead arsenate or nicotine. ‘To determine the prevalence of strains 
of codling moth larvae resistant to lead arsenate and nicotine bentonite, 
and how rapidly such strains can develop in heavily sprayed orchards. 

I-b-1-11—-Studies of the development of differences in the ability 
of local orchard strains of codling moth larvae to enter fruit sprayed 
with DDT. To determine whether strains of codling moth larvae 
resistant to DDT may develop as a result of general and continuous 
use of this chemical. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on the codling moth began soon after the Department was 
organized. The codling moth received brief mention in the 1870 
report of the Commissioner of Agriculture, and the 1887 report in- 
cluded a 27-page summary of available information about this pest. 
The work on this insect was, however, more or less casual until 1900, 
when a Department worker spent the summer studying the problem 
in Idaho. Since that time the codling moth has been under continu- 
ous investigation. During the first decade lead arsenate came into the 
picture and the other arsenicals, such as paris green and London 
purple, soon faded out. During the following decade and a half the 
field experiments dealt almost entirely with lead arsenate in various 
forms, in various schedules, and with different types of application. 
In addition, detailed life-history studies were conducted in representa- 
tive apple sections throughout the country. From 1926 to 1942 the 
work was dominated by two main factors—spray residue problems and 
increasing difficulty in controlling the worms because of increasing 
resistance to lead arsenate. Intensive efforts were made to develop 
more effective and less objectionable insecticides than lead arsenate. 
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The possibilities of control methods other than spraying—banding to 
trap the worms, bait traps to catch the moths, and the use of parasites— 
were thoroughly explored. Since 1943 most of the work has been 
done with DDT and other new insecticides. The general adoption of 
DDT has resulted in outstanding control at a much lower cost, although 
the codling moth is still of potentially serious importance. Since 
resistance to DDT might develop suddenly at any time, research is 
being continued on a reduced ae on certain phases of the problem, 
at present mostly on new insecticides. 


D. FUNDS—-ANNUAL EXPENDITURES 


Prior to 1900 the expenditures for codling moth investigations were 
nominal—at most a few hundred dollars a year. Expenditures for 
this purpose from 1900 through 1907 were between $500 and $2,000 
per year. From 1908 through 1925 the expenditures fluctuated 
greatly, and ranged between $7,000 and $25,000. With increasing 
difficulty due to spray residue and failure of lead arsenate to give 
adequate control in certain areas, the expenditures steadily rose until 
they reached a maximum of about $108,000 in 1935, including about 
$60,000 of PWA funds. From 1936 to 1946 the expenditures ranged 
from about $65,000 to $85,000. With the general adoption of DDT 
and the consequent reduction of the codling moth to a minor status, 
for the present at least, the expenditures have since been steadily re- 
duced. The 1950 allotment was about $19,000. The funds thus re- 
leased have been devoted to other pressing problems, some of which 
have resulted from the use of DDT in orchards. Even at the highest 
point, expenditures for codling moth research have been less than 
0.1 percent of the annual value of the crop, and less than 1 percent of 
the estimated losses caused annually by the insect. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Introduction of DDT into the orchard spray program vastly im- 
proved worm control._—Because of the pioneer work of the Department 
with this insecticide, DDT virtually replaced lead arsenate within a 
period of 5 years. With its use the growers have reduced the codling 
moth from a pest of first importance to a very minor status, for the 
time being at least. In so doing, they have increased the proportion 
of fruit that was fit for the market, and have saved money on their 
spray costs. 

Comprehensive studies on the biology of the codling moth form 
Lasis of spray programs.—From 1909 to 1922 detailed biological 
studies of the codling moth were made in a large number of repre- 
sentative apple-growing sections of the country. These studies formed 
the basis of the successful spray practices developed by local and 
State agencies for their particular regions. 

Lead arsenate permitted apple industry to survive——During the 
first 25 years of the century a great deal of work was done with lead 
arsenate. The studies included comparisons of paste and dry lead 
arsenate, the use of accessory materials, and the relative merits of 
different types of application. Treatments developed as a result of 
this work gave the apple industry in most areas good control of worms, 
and permitted it to survive. Unfortunately, however, lead arsenate 
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was never fully effective in the arid western regions, and an even better 
insecticide had to be found. 

The fact of resistance to lead arsenate on the part of the codling 
moth fully demonstrated —In work carried on in southern Indiana it 
became evident that lead arsenate had eliminated the worms that were 
the easiest to kill, leaving a much tougher race of worms to be con- 
trolled. Marked differences were found between orchards which 
differed in the history of lead arsenate usage. This factor, together 
with spray residue problems, gave added impetus to the efforts to 
develop more effective and less objectionable insecticides. 

Chemically treated trap bands developed.—Trap bands were used 
for codling moth control 100 years ago. They are placed around apple 
tree trunks to catch the mature worms when they leave the fruit, in 
order to reduce the next year’s infestation. With the advent of 
spraying, growers stopped banding. However, with increasing diffi- 
culty in controlling worms, and in order to cut down the amount of 
spraying needed, this control method was revived. An improvement 
davined y Bureau of Entomology and Plant Quarantine workers in 
the late twenties was the chemical treatment of corrugated paper 
bands, which became automatic in operation and reduced the amount 
of hand labor necessary. A 50-percent reduction in worm damage can 
be secured by the use of bands along with the scraping of the trees to 
eliminate other hiding places. Such bands were used successfully by 
many growers from 1930 to 1943, and can be used again if the worms 
should suddenly become resistant to the insecticides currently in use, 
and if labor costs should be reduced. 

Other new insecticides for worm control developed —A number of 
new insecticides for codling moth control were developed during the 
period 1925 to 1943 that helped to meet the situation until DDT 
took over. Among these may be mentioned cryolite, which was fully 
equal to lead arsenate in the Northwest, and replaced it to a great 
extent there, and a tank-mix nicotine bentonite, which was more 
effective than lead arsenate in the Middle West, and largely replaced 
it in that area for several years. Phenothiazine also proved very 
effective in worm control under some conditions. Certain disad- 
vantages prevented its general adoption, although small quantities are 
still used in a few eastern orchards. 


F. SOME ADDITIONAL WORK NEEDED 


The development and continuous evaluation of new insecticides 
is essential.—Certain kinds of flies and mosquitoes have developed 
marked resistance to DDT within 2 or 3 years after its introduction. 
If this should occur with the codling moth, other insecticides should 
be available. Growers should never have all their eggs in one basket, 
as they did with lead arsenate for over 30 years. New insecticides 
should also be evaluated as they become available, in the hope that 
this work will lead to less expensive spray schedules, or materials that 
are even safer to use than DDT. There is growing concern over the 
DDT now accumulating in orchard soils, which may ultimately affect 
apple production or cover-cropping practices. 

Studies are needed on the possible development of resistance to 
DDT —As suggested in the preceding paragraph, it is quite possible 
that the codling moth will develop resistance to DDT although noth- 
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ing of the kind has yet become evident. As soon as possible, studies 
should be made under laboratory conditions to determine whether the 
codling moth is likely to develop such a resistance in order that ad- 
vance warning may be had if such is the case. 

There is need of studies of methods of applying insecticides for 
codling moth control_—Methods of applying insecticides in orchards 
are undergoing a rapid revolution, and the old-time hydraulic sprayer 
is being replaced by speed sprayers, mist blowers, and dusters. For 
some purposes spray materials are being put on by airplane or heli- 
copter. Intensive studies of these newer types of equipment are ur- 
gently needed in order that more effective and economical equipment 
may be made available, as well as insecticide formulations for use in 
such equipment. 


Preacu AND Oruer Stone Frurr Propucrion, DiskAsEs, AND 
IMPROVEMENT 


(BPISAE—b-1-2—Federal-State—Regular Funds) 
A. PURP SE AND NATURE OF CURRENT WORK 


To (1) originate through breeding, varieties of peaches, — apri- 
cots, and cherries of improved dessert and shipping quality, greater 
hardiness, and disease resistance, particularly adapted to the needs 
of modern conditions; (2) determine the best soil management and 
cover-crop practices for peaches, and (3) test new fungicides and spray 
equipment for the control of peach brown rot and bacterial spot, the 
control of which is so difficult and costly. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-2-1—Breeding peaches for improved quality, hardiness, and 
disease resistance. ‘To originate through breeding, peaches of better 
dessert and shipping quality, of greater hardiness and disease resist- 
ance for each region of the United States. 

b-1-2-2— Breeding of plum and apricot for improved quality, adap- 
tation, and disease resistance. To originate through breeding plums 
and apricots of better dessert and shipping qualities and of greater 
disease resistance, adapted to different regions of the United States. 

b-1-2-3—Investigations on rootstocks for peaches. To determine 
the best rootstocks for peaches in regions where nematodes and root 
rots are serious. 

b-1-24—Soil management and cover-crop practices for peaches. 
To determine the best methods of soil management and cover-crop 
practices for the production of peaches, particularly under humid 
conditions of Eastern States. 

b-1-2-5—Response of stone fruits to mineral nutrients and deter- 
mination of deficiency symptoms. By laboratory and field studies, to 
determine the symptoms of nutrient deficiency of stone fruits and to 
find methods of controlling such deficiencies. 

b-1-2-6—The effect of hormones in delaying blooming to escape 
spring frost. To find effective means of delaying blooming to escape 
frost, a major hazard at the present time in most peach regions. 

b-1-2-7—-Sprays to increase production of peach trees by breaking 
dormancy, To determine whether there are any chemical sprays that 
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may be used to break the dormancy of peach trees in southern regions 
when the peach trees do not get enough cold weather in winter to 
start normal spring growth. 

b-1-2-8—Methods of thinning to increase fruit size. To determine 
the cheapest and most effective methods of thinning peaches to main- 
tain large size of fruit combined with high yields. 

b-1-2-9—Testing of fungicides and fertilizer practices for control 
of peach bacterial spot. To test new fungicides and to determine the 
relation of fertilizer practices in the control of bacterial spot which, 
by defoliating trees, weakens and predisposes them to winter injury. 

b-1-2-10—Testing of new fungicides for the control of peach brown 
rot and scab. To test the new fungicides to determine the best ones 
for the control of these important diseases. 

b-1-2-11—Evaluation of peach varieties for different methods of 
preservation. ‘To test the newer varieties of peaches for canning and 
the frozen pack. 

b-1-2-12—Determination of the index for estimating potential 
fruit size of a peach variety. To determine whether a chart or sizing 
gage can be devised that will accurately indicate at thinning time the 
potential ripe-fruit size of peaches, so that growers can use it in de- 
termining the amount of thinning required and the size of fruit for 
various purposes for which peaches are used, either for fresh market 
or for canning. 

b-1-2-13—Maintenance and evaluation of understocks for peach 
trees. To determine the suitability of a wide range of understocks 
for peach trees. Such understocks may prove to be useful in the con- 
trol of certain virus diseases if the understock is immune to such 
diseases. 

b-1-2-14—Determination of the effect of DDT accumulations in the 
soil upon growth and production of deciduous fruit. To determine 
the effect of DDT accumulations in the soil upon growth and produc- 
tion of the different kinds and varieties of fruits using peaches as a 
test fruit. 

b-1-2-15—Peach rootstock toxicity in relation to replanting peach 
trees. To determine whether any treatment can be given the holes 
from which peach trees are pulled so that peach trees can be success- 
fully replanted in the same place. At present in many areas it is 
hazardous to replant peach trees in these sites, at least for several 
years. 

b-1-2-16—Peach mosaic. To determine the host range and the re- 
sistance of different varieties to peach mosaic and to devise methods 
of eliminating injury from this Socas in peach regions of the West. 

b-1-2-17— Western X-disease of peach. To determine the host 
range of this disease and the resistance of different varieties of various 
fruits to it and to devise means of its elimination as a serious threat 
to peaches in Western States. 

b-1-2-18—Phony disease of peaches. To study the host range 
and conditions influencing infection and to devise more effective means 
of controlling this disease in the peach regions of Southern States. 

b-1-2-19—Virus diseases of cherry, except “little cherry.” To 
study the many virus diseases of cherry to determine their host rela- 
tionships, to determine the resistance of different varieties to such dis- 
eases, and to devise methods of control of the losses from such diseases. 

b-1-2-20—Miscellaneous diseases suspected of being caused by 
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virus. To study various obscure troubles which cause losses to peach, 
plum, cherry, and apricots, and to devise means of control. 

b-1-2-21—Discovery and control of vectors in virus diseases. To 
give technical assistance to workers in the Bureau of Entomolo 
and Plant Quarantine and State entomologists in the search for the 
vectors of virus diseases and in finding means for the control of such 
vectors. 


C. HISTORY AND EVOLUTION OF THE WORK 


Early studies were concerned chiefly with diseases of peaches; 
studies up to 1890 were on peach yellows and peach rosette. Between 
1890 and 1900 peach leaf curl was studied. Between 1900 and 1910 
satisfactory fungicides for the control of brown rot and scab of peach 
and leaf spot of cherry were developed. Beginning about 1920 a study 
of the phony disease of the peach in Georgia was begun. Followin 
this in the 1930’s, a number of serious viruses of peaches, cherries, an 
apricots were studied in western United States. In recent years refine- 
ment of methods of applying sprays to peach trees for control of brown 
rot have been studied. During recent years emphasis has been placed 
on breeding peaches of high quality and greater firmness and hardi- 
ness particularly for Southeastern and Eastern States. 


D. FUNDS—ANNUAL EXPENDITURES 


The anual expenditures from 1885 to 1900 ranged from about $5,000 
to $30,000. Since 1900 the amyount expended has gradually increased 
from about $30,000 to approximately $61,000 in 1940, $82,000 in 1945, 
and $131,330 for 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Peach yellows control——By determining that peach yellows was a 
virus disease spread by a leafhopper and that it was necessary to 
rogue out trees affected with this disease, an eradication program was 
recommended and followed that made it possible to grow peaches com- 
mercially on an extensive scale in the Eastern States. Previously, at 
various times the whole industry in certain peach-growing areas had 
been wiped out by this disease. 

Control of fungus diseases—Throughout the years, brown rot, 
peach leaf curl, and scab have been major troubles of peach growers 
but life-history studies of these diseases and the origination of self- 
boiled lime-sulfur spray by Department workers made it possible to 
control them. Since 1945 it has been demonstrated that the control 
of blossom blight phase of brown rot greatly reduces the amount of 
fruit rot at harvest. This makes it possible to increase the proportion 
or amount of fruit that will hold up on the market. 

Rootstocks for peaches.—The serious losses from peach-root nema- 
todes resulted in the importation and planting of many orchards on 
Shalil and Yunnan seedlings. These stocks have proved resistant 
to a common species of the root-knot nematode but susceptible to 
another species often found in peach roots. It has recently been found 
that S-37 is a stock highly resistant to both forms of nematodes which 
cause such extensive losses to peaches in Southern States. S-87 is 
so highly resistant that nematode trouble may no longer be a serious 
problem in peach growing. 
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New peach varieties originated proved valuable—Three peaches, 
Dixigem, Dixired, and Southland, originated by the Department, have 
given varieties much better adapted to Southeastern States because of 
their greater firmness, higher quality, and, particularly in the case 
of the Southland, very high resistance to delayed dormancy in years 
when there is not cold enough to fully break the rest period. These 
new varieties are already being grown on thousands of acres. Nine 
clingstone varieties (Cortez, Coronado, Vivian, Andora, Fortuna, 
Shasta, Tudor, Carolyn, and Corona) adapted to canning have been 
introduced in California. These varieties supplement the older varie- 
ties for they mature at different seasons. Approximately 8,000 acres 
of them are being grown. This constitutes one-third of all clingstones 
planted in recent years. 

Control of peach mosaic.—It has been demonstrated by Department 
workers that some varieties are highly resistant to this virus disease 
and these may be grown with no crop loss in areas where there is no 
chance of eliminating the disease. By determining that the peach 
mosaic is very rarely spread from apricot to peach, it has been possible 
in localities where both fruits are grown to control the disease in 
peaches by eliminating all mosaic in peach orchards as fast as it 
appears. By demonstrating that mild forms of the peach mosaic virus 
immunize against severe forms of the mosaic, it is possible now by 
using immunized nursery stock to grow susceptible varieties of peaches 
in peach-mosaic areas without loss of vigor. 

hony disease of peaches.—Department workers have demonstrated 
that the phony disease of peach is a virus disease and that it is car- 
ried by certain species of leafhoppers. They also demonstrated that 
the disease is in the native plum around peach orchards in phony 
disease districts of Southeastern States, and that eradication or re- 
moval of native plum reduces the rate of spread in established or- 
chards and may prevent or materially reduce its development in new 
plantings. 


F. SOME ADDITIONAL WORK NEEDED 


Breeding better peaches, plums, cherries, and apricots——Recent 
breeding work has very greatly improved the dessert and shipping 
qualities of peaches. It has also shown that it is possible to improve 
peaches very greatly in other ways, such as hardiness of bud and twig, 
and resistance to bacterial spot and brown rot. Similar research 
needs to be done with plums, cherries, and apricots. Actual origina- 
tion of peach varieties with hardy buds and twigs and highly resist- 
ant to bacterial spot and brown rot remains to be accomplished. 

Control of bacterial spot—Bacterial spot is still one of the most 
serious peach diseases of Eastern States. Though control measures 
are known, they are very costly and in some seasons only fairly 
effective. Studies on the timing of the applications and the use of 
new sprays are needed for cheaper and more effective control. 

Testing of new fungicides——Recently many new fungicides have 
been introduced which need to be tested for their value in the control 
of the more important diseases of peaches, cherries, plums, and 
apricots. 

Breeding for nematode-resistant stocks—Peach rootstocks which 
have seemed relatively nematode-resistant at one time have not been 
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resistant to all types of nematodes. Furthermore, other weaknesses 
appear. There is a need for positive and continuous search and 
controlled breeding to assure satisfactory peach stocks. 

Replanting peac *hes.—Because most of the best sites for peach or- 
chards are now being used for peaches the problem of replanting 
peaches on old peach sites is becoming more and more serious. In 
many areas peach trees do not survive even the first year when planted 
on old orchard sites. Much more research is needed on this problem. 


(RESEARCH ON THE Virus Diseases or STONE Fruits 
(BPISAE-BEPQ—RM : b-23—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To control little cherry virus disease, particularly in the North- 
west. Studies are being made on the symptoms of the disease on the 
various varieties on different stocks, on the relative rate of spread 
of the disease, on the insect vectors, on the host range, and the rela- 
tion of this disease to other diseases of the various hosts. This dis- 
ease has been studied extensively during the past 3 years because of 
its similarity to a little cherry virus trouble which killed out the 
commercial industry in one part of British Columbia. 

All virus diseases of stone fruits appear to be carried by insects. 
The entomological work is to determine the insects that may transmit 
the virus responsible for little cherry and western X-diseases in the 
Northwest, to get information on the biology and habits of the insects 
responsible for transmission, and to develop measures that will aug- 
ment other methods for the control of these diseases and the preven- 
tion of their spread. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-23-1—Survey of insects in and near stone-fruit orchards in 
areas in western United States where little cher ry, western X, albino 
cherry, and other stone-fruit viruses occur. To provide information 
on the insects that may transmit little cherry, western X, albino cherry, 
and other lesser stone-fruit viruses in western United States, as a basis 
for insect tr ansmission studies. 

RM: b-23-2—Transmission studies with insects suspected of spread- 
ing the little cherry virus disease. To determine the insects that 
transmit the little cherry virus disease, as a basis for the develop- 
ment of methods of controlling the insects to prevent spread of this 
disease. 

RM: b-23-3—Transmission studies with insects suspected of spread- 
ing western X-disease in the Northwest. To determine the insects that 
transmit western X-disease in the Pacific Northwest, as a basis for 
the development of methods of controlling the insects to limit or 
prevent eee spread of this disease. 

RM: b-23-4—Field studies to determine the time of year natural 
spread of little cherry disease occurs. A knowledge of the time 
of year natural spread occurs will help to reduce the number of insects 
suspected of carrying little cherry disease, and may have an important 
bearing on tree-removal practices for the control of this virus disease. 
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RM: b-23-5—Field studies to determine the time of year natural 
spread of western X-disease occurs. A knowledge of the time of year 
natural spread occurs will help to reduce the number of insects sus- 
cted of carrying western X-disease, and may have an important 
aring on tree-removal practices for the control of this virus 
disease. 

RM: b-23-6—Field tests of insecticides as a method of preventing 
or limiting natural spread of little cherry virus disease in western 
United States. To explore the possibilities in the use of new potent 
insecticides that are effective against the insects responsible for natural 
spread, 

RM: b-23-7—Field tests of insecticides as a method of preventing 
or limiting natural spread of western X virus disease in western 
United States. To explore the possibilities in the use of new potent 
insecticides that are effective against the leafhoppers or other insects 
responsible for natural spread. 

RM: b-23-8—The little cherry and X-disease virus complex. To 
develop methods of control of the little cherry and X-disease virus 
complex in stone fruits. To determine the symptoms for early identi- 
fication, rate of spread, host range, relation to other virus diseases of 
peach, cherry, plum, and apricot, value of immune stocks, possibility 
of immunizing against severe strains, value of chemotherapy. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The little cherry disease, known for about 10 years in British Colum- 
bia, was found about 4 years ago in Washington State and other 
areas in the Northwest. It results in very small cherries of no com- 
mercial value. Extensive studies were begun in 1948 because of the 
damage it was doing and the extent of the commercial industry (crop 
valued at $20,000,000 annually) which it threatened. All the work 
is in cooperation with the State experiment stations of Washington, 
Utah, and Wisconsin, and was begun in the late fall of 1947 or early 
in 1948. Several sports, or strains, of the disease have appeared. 
Some of these kill trees, others dwarf them. Studies to determine the 
insects responsible for natural spread of the virus responsible for 
little cherry, western X-disease, and related disorders, and the devel- 
opment of control methods for them were undertaken in 1948 by the 
Bureau of Entomology and Plant Quarantine in cooperative studies 
in Washington, Oregon, and Utah. 


D. FUNDS—-ANNUAL EXPENDITURES 


The annual allotments of the Bureau of Plant Industry, Soils, and 
Agricultural Engineering were about $34,000 for 1948 and $25,100 
for 1949. The amount for 1950 was increased to approximately $45,- 
400 to include funds for publication of a Handbook of Virus Dis- 
eases of Stone Fruits, needed as a reference manual by scientists, 
nurserymen, and growers. The Bureau of Entomology and Plant 
Quarantine Somat 2 approximately $15,000 in 1948, $16,000 in 1949, 
and $19,000 in 1950 on the insect-transmission phases of the problem. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Identity of little cherry with western X-disease established by 
plant pathologists of the Department and cooperating State agen- 
cies.—It has already been demonstrated that “little cherry” is a symp- 
tom of the virus causing western X-disease of peach when cherry is 
grafted on mazzard rootstock. When cherry is grafted on Mahaleb 
rootstock, the same virus causes wilt and decline, and finally may cause 
death. 

Handbook of Virus Diseases of Stone Fruit prepared by Depart- 
ment plant pathologists in cooperation with other research workers of 
United States and Canada.——This monumental monographic illus- 
trated book describes and illustrates over 40 virus diseases of stone 
fruits and is being published by the United States Department of 
Agriculture. It will be a reference manual of great value to research 
workers and regulatory officials throughout North America, and will 
undoubtedly stimulate efforts to solve the perplexing problems caused 
by these diseases. 

Leafhopper carrier of the virus responsible for little cherry and 
western X-diseases found by entomologists of the Department and 
cooperating State agencies.—This outstanding achievement, after only 
3 years of entomological investigation, opens a new avenue of Coan 
to the solution of the little cherry and western X-disease problems 
through control of the insect carriers. This discovery facilitates re- 
search into the host relationships of the virus with respect to herba- 
ceous plants, and trees and shrubs not related to cherry or peach. 


F. SOME ADDITIONAL WORK NEEDED 


Methods for controlling litile cherry and western X-diseases.— 
Although it has been found that a leafhopper spreads the virus caus- 
ing little cherry and western X-diseases, methods of control have not 
yet been worked out. By controlling the leafhopper, by finding and 
eliminating diseased trees promptly, by finding immune or highly re- 
sistant cherries, or by topworking cherries to resistant stocks, some 
means of eliminating losses and preventing additional spread may be 
found. Many tests of control measures, including the laboratory and 
field evaluation of insecticides and cultural measures for leafhopper 
control, will be needed for years to come before growers can be assured 
of production of cherries and peaches in the Northwestern States with- 
out serious losses. 

Search for additional insect carriers of little cherry, western X-dis- 
ease, and other related virus diseases.—F requently more than one in- 
sect carries a plant virus disease. A knowledge of all of the carriers 
of little cherry and western X-disease will be necessary for a complete 
understanding of the control problems involved and their eventual 
solution. A preliminary finding that an aphid is responsible for the 
transmission of the virus strain causing cherry wilt or decline needs 
confirmation and further study. 
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INVESTIGATIONS OF INsEcTs AFFECTING STONE FRvIts 
(Orner THan Ortentat Frurr Morn) 


(BEPQ—I-b-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to accumulate as much information as 
possible on the biology and habits of the numerous insects (other than 
the oriental fruit moth and those that spread virus diseases) that 
attack peach, cherry, plum, and apricot. Some stone fruit insects 
cause serious losses every season, others only occasionally. With this 
information as a basis, effective and economical control measures can 
be developed. The problems being given special attention now include 
the (1) cine curculio, (2) peach-tree borer, (3) tarnished plant bug, 
(4) stink bugs, (5) orchard mites, (6) San Jose scale, and (7) 
Forbes scale. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-b-3-1—Studies of benzene hexachloride for control of the plum 
curculio on peach. To determine fully the value of benzene hexachlo- 
ride as an insecticide for use in sprays to control the plum curculio on 
peach, and its effect on flavor ; comparisons of the highly refined form 
(lindane) and the technical grade. 

I-b-3-2—-Studies of new insecticides (other than benzene hexa- 
chloride) for control of the plura curculio on peach. To test and de- 
velop more effective insecticides for the control of plum curculio on 
peach. 

I-b-3-3—Studies of soil insecticide treatments for control of the 
plum curculio in peach orchards. To (1) determine the value of soil 
insecticide treatments against plum curculio larvae and pupae in the 
soil for use to control this insect as compared to the use of sprays and 
dusts against the adults on the trees, and (2) to find and develop 
effective materials for such use. 

I-b-3-4— Experiments with ethylene dichloride and propylene 
dichloride for peach-tree borer control. To develop ethylene dichlo- 
ride and propylene dichloride emulsions for effective, safe, and prac- 
tical use to control the peach-tree borer in trees of all ages in the differ- 
ent parts of the country where this insect occurs. 

I-b-3-5—Control of sucking bugs that cause deformed peaches. 
To determine the species of insects that cause deformed peaches and 
develop methods of preventing such injury. 

I-b-3-6—Control of pear thrips on prunes. To develop an effective 
method of controlling the pear thrips on prunes. 

I-b-3-7—Biology and control of the cherry leafminer. To obtain 
information on the habits and seasonal development of the cherry leaf- 
miner as a basis for development of contro] measures, and to develop 
an effective, practical method of control. 

I-b-3-8—Experiments with DDT and other new insecticides for 
the control of insects of the peach and other stone fruits in the Pacific 
Northwest. To determine the status and place of DDT and other 
promising new insecticides in the control of the more important insect 
pests of stone fruits in the arid sections of the Pacific Northwest. 
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I-b-3-9—Studies of miscellaneous insects affecting stone fruits, east 
of the Rocky Mountains. To secure more complete information on 
the habits and seasonal development of miscellaneous insect pests of 
stone fruits of potential importance, and to develop improved control 
measures for them. 

I-b-3-10—Resistance of plum curculio to lead arsenate. To deter- 
mine definitely whether the poor results with lead arsenate in recent 
years have been due to the development of resistance on the part of the 
plum curculio to this insecticide. 

I-b-3-11—Tests of new insecticides to prevent infestation by the 
peach tree borer. To develop a measure to prevent infestation by the 
peach tree borer of nursery stock and orchard trees. 


C. HISTORY AND EVOLUTION OF THIS WORK 


There has been no time in the history of entomological work in 
the Department, dating back to 1863, when some attention has not been 
given to studies of the biology, habits, and control of some one or 
more of the long list of insects that attack stone fruits (peach, plum, 
cherry, etc.). Limited spray tests were made at least as early as 1887. 
A few of the many stone fruit pests are regularly of major importance 
in large areas. A number of others usually cause more or less damage 
and from time to time increase to more serious proportions. The 
plum curculio, peach-tree borer, and San Jose scale have been of major 
importance from the beginning but pear thrips, lecanium scale, cherry 
fruitflies, cherry leafminer, peach-twig borer, lesser peach-tree borer, 
green peach aphid, tarnished plant bug, stink bugs, and others have 
been studied intensively at times. Many others have been given 
attention, usually incidental to other work. The serious losses caused 
by the plum curculio focused attention on this insect through the latter 
part of the nineteenth century until 1912, when improved control meas- 
ures became available. In the late 1880’s to the early 1900’s, the San 
Jose scale shared attention with the plum curculio, and from 1911 to 
the present time, the peach-tree borer has been a subject of intensive 
studies that were accelerated as the result of work with fumigants 
started in 1915. Failure of lead arsenate to give effective control 
of heavy infestations of the plum curculio and its tendency to cause 
injury to peach leaves and shoots led to resumption of work on this 
insect about 1915, that was accelerated during the 1920’s and 1930’s 
in an effort to find a substitute material that would not leave harmful 
residues on the harvested fruit. The availability of an increasing 
number of promising new organic insecticides in recent years has been 
the basis for reconsideration of the spray programs for all stone fruits. 
These investigations have resulted in rapid developments and improve- 
ments not yet fully appraised. 


D. FUNDS-—-ANNUAL EXPENDITURES 


With the early work on stone-fruit insects sharing funds with work 
on pests of many other crops, estimates for early years are difficult to 
make. Annual expenditures prior to 1905 probably ranged from a few 
hundred dollars to $2,000 and from 1905 to 1913 from $2,000 to $4,000. 
Annual costs from 1913 through 1929 ranged from approximately 
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$3,500 to $14,000. From 1930 to 1949 annual costs have ranged from 
approximately $7,500 to nearly $23,000, and the allotment for 1950 
was about $24,000. 


DECIDUOUS FRUITS AND EDIBLE TREE NUTS 





). EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 






Lead arsenate control method developed for plum curculio—The 
lead arsenate method of control for plum curculio on stone fruits was 
developed through research and orchard demonstrations during the 
period 1905 to 1912. This was the first satisfactory method developed 
for the control of this serious pest on stone fruits. The method was 
adopted promptly by most growers and is still the basis for most stone 
fruit spraying programs where the curculio is a major problem. 

Effective sprays developed to control San Jose scale—The rapid 
spread of the San Jose scale from the West alarmed growers of stone 
fruits in the Eastern States in the late 1890’s and early 1900’s. This 
insect sucks the sap from the tree, first weakening it and then, as 
infestation increases, limbs are killed, and finally the tree dies. In- 
tensive studies led to development of a safe and effective lime sulfur 
formula that came into general use in the early 1900’s. This treatment 
remained in use until the problem of scale resistance to the lime sulfur 
treatment prompted resumption of studies in 1922. These studies 
demonstrated the effectiveness of mineral oi] emulsions in scale control 
and their safety when applied to stone-fruit trees in the necessary 
concentrations. Recent studies have shown that it may be possible 
to do away with dormant oil sprays when parathion is included in 
the plum curculio spray program. ; 

Life of peach trees prolonged materially by controlling the destruc- 
tive peach-tree borer—Work started in 1914 resulted in the develop- 
ment of the paradichlorobenzene treatment for controlling the peach- 
tree borer. This is the insect that may girdle and kill a stone-fruit 
tree in a year or two or weaken it to varying degrees according to the 
abundance of the insect. The most. satisfactory method previously 
available was to dig the borers out by hand. This method often caused 
as much injury to the trees as the borers. Emulsions of ethylene 
dichloride were later found effective in borer control and less likely 
to injure young trees than paradichlorobenzene. These treatments 
and another, based on propylene dichloride, developed more recently, 
were promptly adopted by many growers and used with satisfying 
results. It has been estimated these treatments have lengthened the 
profitable life of peach orchards by as much as 50 percent. A net 
gain to the industry of about $3,000,000 annually resulted from these 
developments. 

Pear thrips injury to prunes prevented by DDT.—The most pro- 
nounced injury of the pear thrips results from the feeding of the 
adults before the blossoming period. Blossom stems become devital- 
ized and the blossom buds are weakened and most of them fall off. 
This can now be almost completely prevented by following the recom- 
mended spray and dust DDT treatments developed cooperatively in 
Oregon. Growers are now using these treatments and are getting 
outstanding control. 

New insecticides strengthen stone-fruit spray programs.—Intensive 
studies, many in cooperation with State experiment stations, have 
contributed a great deal to the development of parathion and benzene 
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hexachloride for plum-curculio control, DDT for control of sucking 
bugs that cause deformed peaches, benzene hexachloride and chlordane 
to control the cherry leafminer and DDT to control climbing cutworms 
and the shothole borer. These treatments have been widely accepted 
by growers and have given effective control. 


F. SOME ADDITIONAL WORK NEEDED 


Evaluation and development of new insecticides needed for plum 
curculio control.—Although several new insecticides have shown a 
great deal of promise for controlling the plum curculio and three of 
them, parathion, benzene hexachloride, and chlordane, have had con- 
siderable commercial use, no one material is entirely satisfactory or 
has been proved enough better than the others to dominate recom- 
mended spray programs. Sometimes as many as three or four alter- 
native programs are suggested, presenting a confusing situation for 
growers. All promising new materials should be evaluated as rapidly 
as possible with the objective of working out a simple, effective, safe 
spray treatment for the curculio. 

Treatment needed to prevent peach-tree-borer infestation.—Present 
treatments for peach-tree-borer control are directed at killing off the 
young worms feeding in the tree. Prevention of infestation would be 
even more satisfactory, particularly for use in nurseries when even 
a little feeding injury may force the discard of affected trees. DDT 
and benzene hexachloride sprays show some promise in this direction 
and other new materials as yet untested may have value. 

Parathion treatment for scale control needs perfection —Present 
indications of the value of parathion for controlling the San Jose 
and Forbes’ scales during the growing season have come from studies 
of this material against other insects. More detailed studies are in 
order to determine the time and minimum number of applications, and 
minimum concentration needed for effective control of these scale 
insects on peach trees. 


OrtenTAL Fruit Morn INVESTIGATIONS 
(BEPQ—I-—b-4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop an improved, dependable, 
and practical means of controlling the oriental fruit moth, a major 
pest of the peach. Currently, the work involves (1) investigating 
its control by means of insecticides, or (2) mass liberation of parasites 
or a combination of the two, (3) further studies of the number and 
time of spray applications in relation to harvest residues, degree of 
control and effect on biological control, and (4) the development of im- 
proved mass-breeding methods for the more useful parasites. 


B. CURRENTLY ACTIVE LINE PROJECTS 


[-b-4-1—Development of methods for mass rearing of fruit moth 
parasites. To further improve present methods of producing the 
parasite Macrocentrus ancylivorus in large numbers for the control of 
the oriental fruit moth; to develop methods for the rearing of large 
numbers of other effective fruit moth parasites. 
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I-b4-2—Colonization. of oriental fruit moth parasites for estab- 
lishment in new districts. To (1) introduce the various parasites of 
the oriental fruit moth into all important peach-producing areas where 
the parasites are not yet established, and (2) to determine the status of 
the parasites from time to time by means of recovery collections. 

I-b-4-3—Experiments with mass liberations of parasites for con- 
trol of oriental fruit moth. To develop further the use of parasites 
for direct control of the oriental fruit moth by liberating large num- 
bers of them in orchards. 

I-b-44— Investigations of bait traps for oriental fruit moth con- 
trol. To develop the use of bait traps into a practical measure for 
control of the oriental fruit moth. 

I-b-4-5— Control of oriental fruit moth by means of insecticides. 
To develop an effective insecticide control program for the oriental 
fruit moth. 

I-b-4-6—Studies of influence of newer insecticides on abundance 
and effectiveness of oriental fruit moth parasites. To (1) determine 
the effect of the newer insecticides on the parasites of the oriental fruit 
moth, and (2) to work out control programs that interfere the least 
with parasite activity. 

I-b-4—7—Studies of combined programs for control of the oriental 
fruit moth. To determine the control of the oriental fruit moth that 
‘an be obtained by combining three methods—parasites, baits, and 
insecticides. 


C, HISTORY AND EVOLUTION OF THIS WORK 





Work on the oriental fruit moth was started shortly after its dis- 
covery in the United States in 1916 and continued through 1918. 
At that time attention was given to all phases of the problem—biology, 
habits, and control. Limited in distribution at first, this insect re- 
ceived little or no attention from 1918 to 1924. Its rapid spread 
throughout the East led to reestablishment of work in 1924 that has 
continued to the present time. The insect has since spread to nearly 
all peach-producing areas in the United States. Because of the lack 
of effective insecticides, emphasis was soon shifted to work with native 
and introduced natural enemies, bait traps, and cultural control prac- 
tices. Later emphasis was almost entirely on parasites as the more 
promising ones were colonized throughout the peach-producing areas 
where the insect was present. ‘The advent of DDT and promising re- 
sults in exploratory tests led to the present emphasis on control with 
insecticides. 


D. FUNDS-—-ANNUAL EXPENDITURES 
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Expenditures in the early days of work on the oriental fruit moth 
were small and irregular, estimates being $1,000 for 1916 and $3,000 
for 1917 fiscal years, none from 1918 to 1924, $500 for 1924, and $3,000 
for 1925. From 1926 to 1930 annual expenditures averaged about 
$11,000 per year, rose to about $90,000 in 1931, and dropped to approxi- 
mately $26,000 in 1933. Since then annual expenditures have ranged 
from approximately $19,000 in 1934 to $38,000 in 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A parasite, Macrocentrus ancylivorus, reduces fruit moth-damaged 
peaches by half—In studies of the natural enemies of the oriental 
fruit moth, the native parasite, 1/. ancylivorus, was soon found to re- 
duce injury to a greater extent and more consistently than other native 
or introduced species. The lack of any effective and practical means 
of artificial control for many years focused attention on this parasite. 
As the result of Department work, methods were developed whereby 
it could be produced in large numbers. In cooperation with State 
agencies, this parasite has been introduced into most peach-producing 
areas in which it did not already occur. The work also led to com- 
mercial production of parasites for use by individual growers for im- 
mediate control. This parasite became established in a majority of 
the areas in which it was colonized and reduced the proportion of 
damaged peaches by about half. In the absence of control measures, 
fruit loss due to the oriental fruit moth frequently runs from 30 to 
50 percent and in cases of severe infestation from 75 to 100 percent. 

Newer insecticides found effective for oriental fruit moth control— 
Exploratory tests with DDT in 1944, in cooperation with State agen- 
cies, played an important part in the development of a DDT spray 
program that has come into wide commercial use. More recent studies 
have focused attention on control by sprays applied earlier in the 
season and on other insecticides, particularly parathion, less likely 
to cause harmful harvest spray residues. 

Biological investigations aided further research.—Studies conducted 
by the Bureau shortly after the oriental fruit moth was first dis- 
covered in 1916 have served as a basis for much of the work on this 
insect, both Federal and State, since that time. 


F. SOME ADDITIONAL WORK NEEDED 


Improved spray program for oriental fruit moth control needs de- 
velopment.—Too much DDT, especially near harvesttime, may re- 
sult in objectionable residues on the harvested fruit; too little DDT, 
especially if applications are poorly timed, may mean poor control. 
Increased efforts should be made to determine the time or times when 
DDT should be applied to be most effective. Other potent new or- 
ganic insecticides that may not leave objectionable harvest residues, 
and various spray programs, should also be evaluated. 

Parasite rearing methods need improvement.—The utilization of 
the parasite /. ancylivorus to control the oriental fruit moth was ac- 
celerated by development of a method of raising it in large numbers. 
For reasons not fully understood the number of parasites secured 
per unit of stock material drops markedly below expectations from 
time to time. This not only increases the cost of production but may 
result in an inadequate supply of parasites when they are needed most. 
In order that peach growers who continue to use parasites in pref- 
erence to or in combination with insecticides for control may be 
assured of an adequate supply when needed, efforts to improve the 
methods of raising this parasite are well worth while. Growers ob- 
tain their supply of parasites from commercial producers who follow 
the methods developed by the Bureau of Entomology and Plant Quar- 
antine for raising them. 
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Utilization of parasites in conjunction with insecticides needs in- 
vestigation—To meet the need for even better control of the oriental 
fruit moth than has been secured by applications of DDT and other 
insecticides, studies are being made to determine the value of releas- 
ing large numbers of parasites in advance of the time the sprays are 
applied. Liberations after the sprays have been applied are unde- 
sirable, since most of the newer organic insecticides are very toxic to 
the parasites. 


Drriep Fruit Insect INVESTIGATIONS 


(BEPQ—I-b-7—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 














The objective of this work is to develop or improve upon methods 
of protecting dried fruits from infestation in the field, in the drying 
yards, and in storage houses, in order to reduce losses to the growers 
and processors and to provide the consumer with a high-quality prod- 
uct at a reasonable price. Current work is concerned with (1) studies 
of the biology and habits of the numerous insects that attack dried 
fruits or fruits intended for drying to serve as a basis for control, 
and (2) to test various methods of preventing insect-caused damage 
to such fruits either during production or after harvest. 





B. CURRENTLY ACTIVE LINE PROJECTS 
























I-b-7-1—P reliminary testing of new fumigants for control of dried 
fruit insects. To investigate any new fumigants that become avail- 
able which appear to offer promise in the control of dried fruit insects, 
in order to develop cheaper, more effective, or less dangerous materials. 

I-b-7-3—Studies of the use of insecticides for protecting stored 
raisins from saw-toothed grain beetles. To determine whether infes- 
tation by the saw-toothed grain beetle in raisins stored in boxes can 
be reduced or eliminated by the use of insecticides, without contami- 
nation of the raisins with the chemicals. 

I-b-7-4—Determination of cold-storage exposures lethal to dried 
fruit insects. To determine more completely the range of low-tem- 
perature-exposure combinations that are fatal to the different stages 
of the various insect pests found in dried fruits, in order that full 
information may be available for those interested in the control of 
dried fruit insects by this method. 

I-b-7-5—Studies of DDT and other materials for soil treatment 
for control of the grape phylloxera. To develop effective, practical 
control of the grape invitees on the roots of grapevines by use of 
DDT, and thus stop the serious decline that is affecting many vineyards 
of susceptible European-type grapes. 

I-b-7-6—Fig caprification studies. To determine the best method 
of distributing the pollinating wasp (Blastophaga) in fig orchards, 
including timing of distributions and the arrangement of the caprifig 
containers in the trees and in the orchard to give the best possible 
results in pollination, with a minimum of fig spoilage caused by the 
organisms that are disseminated by these wasps. 

I-b-7-7—Biological studies of dried fruit insects affecting date pro- 
duction. To secure basic information on the biology, habits, and sea- 
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sonal history of the insects responsible for damage to dates in the 
southwestern United States, as a basis for the development of adequate 
control measures. 

I-b-7-8—Control of insects affecting date production. To prevent 
insect damage to dates in the southwestern United States by devising 
and developing ways and means of controlling the insects responsible. 

I-b-7-10—Studies of the biology and control of miscellaneous insect 
pests of dried fruits and fruits intended for drying. As opportunity 
offers, to study the numerous insect pests that attack dried fruits or 
fruits intended for drying to obtain information on their biology and 
to develop methods of control. 

I-b-7-11—Control of spoilage in figs caused by inseets and insect- 
borne diseases. 'To reduce the heavy losses resulting from these types 
of spoilage. A survey made in 1948 by the California Fig Institute 
showed that 1,448 acres of orchards in 13 counties were recently 
removed, mostly because of inability to control spoilage. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The first project of major importance affecting dried fruits was the 
importation and establishment in California of the fig-pollinating 
wasp (Blastophaga), during the period 1897-1900. This wasp is 
essential to the production of figs of the Smyrna type. From 1911 
to 1915 workers stationed in California did more or less general work 
with the insects affecting dried fruits. After a lapse of several years, 
work was resumed in 1921 and has been virtually continuous ever 
since. It included studies of the biology of most of the important 
dried fruit insects and the development of methods for their control, 
especially fumigation. The early work was chiefly concerned with 
pests infesting the dried fruit in packing house or warehouse. After 
a decade, however, it was realized that infestations of certain impor- 
tant pests start in the field and are brought into the warehouses with 
the new crop. The work was, therefore, extended to the field and was 
soon broadened to include problems such as those involving the grape 
phylloxera, the grape-leaf folder, and similar insects that affect the 
production of fruit intended for drying. 


D. FUNDS—ANNUAL EXPENDITURES 


Accurate figures on expenditures are not available for the work 

rior to fiscal year 1921. Expenditures in 1896 to 1900 may have 
een as much as $2,000 a year, and from 1911 to 1915 as much as $4,000 
annually. The average annual expenditures for the three decades 
following 1920 were about as follows: $7,000, $14,000, and $17,000. 
The allocation for the fiscal year 1950 was about $18,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Importation of the fig-pollinating wasp permitted development of 
California fig industry. The Smyrna type of fig, the kind used chiefly . 
for drying, requires for its development fertilization by a tiny wasp 
known as Blastophaga. During the latter part of the last century 
plantings were made of this type of fig in California, but the results 
were disappointing. After several efforts by private industry to im- 








rk 
ve 
00 
es 
10. 
















DECIDUOUS FRUITS AND EDIBLE TREE NUTS 1099 


port this wasp had failed, the Department succeeded in introducing 
and establishing it in the fig-producing areas of California, durin 
the period 1897-1900. The wasp has thrived in California an 
growers have little-difficulty in securing adequate pollination. With- 
out this introduction, the production of the Smyrna type of fig would 
have been impossible. 

Department workers pioneered in the development of fumigation 
for controlling dried-fruit insects, and introduced several of the newer 
fumigants to the fig industry. Important contributions were made 
to the development of ethylene oxide and methyl bromide as fumi- 
gants for dried-fruit insects. Stocks of dried fruits in warehouses 
must be treated to prevent attack by many kinds of insect pests, and 
methyl bromide is now in almost universal use in the dried-fruit in- 
dustry for that purpose. 

A motor-driven shaker screen devised by Department entomologists 
to remove infestation by raisin moth just before the raisins are moved 
from the ranch to the central warehouse. The raisin moth attacks 
raisins when they are drying in the field, especially after the trays have 
been stacked. This device permits the growers to deliver a clean 
product to the warehouse, which has caused a decided improvement 
in the condition of the fruit brought in. 

Fig growers provided better methods of controlling fig scale as a 
result of the work of Department entomologists and cooperating State 
workers. This insect causes blemishes on the fruit which are espe- 
cially serious on figs intended for canning or preserving. Several 
types of oil sprays put on during the dormant period give satisfactory 
control. Recently, parathion applied early in the growing season was 
found to effect a high degree of control. This permits the growers 
to deliver a cleaner and, therefore, much more profitable crop to the 
processing plants. 


F. SOME ADDITIONAL WORK NEEDED 


Studies of so-called systemic insecticides needed—In the last few 
years several insecticides have been developed that are carried by the 
sap to all parts of the plant and are poisonous to insects that feed on 
treated plants. They can be applied to the leaves of the plant or to 
the soil. Preliminary results suggest the possibility of using such 
materials to improve control of the grape phylloxera which infests 
the roots and to provide possible better control of some other pests 
attacking fruits intended for drying. 

More work needed on the prevention of fig spoilage.—F ig growers 
often have to cull out 25 percent or more of the crop because of spoilage 
caused by various organisms, many of which are carried into the figs 
by insects. Much more intensive work is needed as efforts to prevent 
this type of damage have thus far been only partially effective. 

Effect of cold storage on dried-fruit pests —Temperatures below 
50° prevent activity of most insects that infest dried fruits, and lower 
temperatures continued for varying periods, depending on the species, 
will finally kill all stages. Considerable information has been ac- 
cumulated on this subject but it has been necessary to use for the most 
part temperatures available in commercial storage. More complete 
studies covering the full range of temperatures that might be used 
is needed for each of the important species of dried-fruit pests in order 
78552—51—vol. 28 
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that more definite recommendations to the industry may be possible. 

Insect-proof packages needed.—Packaged dried fruits held at 
ordinary temperatures are subject to invasion by a number of the in- 
sects that commonly infest stored-food products. ‘These insects are 
able to pass through a very tiny a and once in the package not only 
contaminate or destroy the product but also destroy customer good 
will. Types of packages or methods of sealing sbi to exclude 
such pests need to be developed so that packaged dried fruits held in 
warehouses, on dealers’ shelves, and in similar situations may remain 
free of infestation. 


Grape Propuction, DIsEAsEs, AND IMPROVEMENT 


(BPISAE—b-1-3—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) breed disease-resistant table grapes for humid regions of 
Eastern States; (2) breed improved table and raisin grapes for 
Western States; and (3) select the best stocks for grapes for nematode, 
phylloxera, and root-rot resistance. Current work in the Southeast 
is particularly concerned with the origination of muscadine varieties 
that are perfect flowered. The breeding work for Northeastern States 
is to originate disease-resistant grapes, particularly for home use, that 
can be grown without the repeated spraying now necessary. The 
current work in Western States is to breed improved raisin, table, 
and shipping grapes. Quicker and more economical ways of evaluat- 
ing seedlings from the breeding work are also being investigated. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-3-1—Breeding disease-resistant, hardy grapes for humid areas. 
To originate grape varieties resistant to black rot and mildew in north- 
eastern areas, and to breed perfect-flowered muscadine varieties for 
Southern States so that crops can be produced without special provi- 
sion of growing male vines which do not produce fruit. 

b-1-3-2—Breeding improved table and raisin grapes for Western 
States. To originate improved table and raisin grapes for California 
and other Western States which will be especially suited to the climatic 
conditions of the different western grape-growing areas. 

b-1-3-3—Evaluation of grape rootstocks for nematode, phylloxera, 
and root-rot resistance. To continue selection of grape rootstocks for 
the different varieties, which will be resistant to the nematode, phyl- 
loxera, and root rots in the different areas in California and adjacent 
States. 

b-1-3-4— Adaptability of grape varieties to different sections of the 
United States. To determine by vineyard tests and observation and 
study the varieties adapted to the different areas as regards hardiness, 
clisease resistance, and yielding ability. 

b-1-3-5—Soil management and fertilizer practices in vineyards to 
improve yield and quality in bearing vineyards. To determine the 
best means of weed control and fertilizer practice to obtain the maxi- 
mum yield and best quality in bearing vineyards. 

b-1-3-6—Effect of different pruning practices on growth and yield. 
To determine particularly for new varieties the pruning practices 
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that will give the highest yields of the best fruit in different areas. 

b-1-3-7—Virus diseases of grapes. To study the different virus 
diseases that cause losses in grape vineyards, particularly in California. 

b-1-3-8—Little-leaf, measles, and other phyiicloglont diseases. ‘To 
determine the cause and best methods of control of the various troubles 
found in different vineyards in different parts of the United States. 

b-1-3-9—Soils, fertilizers, and soil- -management practices most suit- 
able for muscadine grape production. 'To determine the best methods 
of weed control and best methods of maintaining fertility in vineyards 
in Southeastern States. 


C. HISTORY AND EVOLUTION OF THE WORK 


Studies of the best grape varieties and best rootstocks for the dif- 
ferent varieties were begun in the early 1900’s in California and 
studies on muscadine grapes were started about 1910 in Southeastern 
States. After it was found that phylloxera, a form of root lice on 
grapes, was one of the important causes of weak vines and losses in 

California, attention was then focused on the testing of rootstocks 
f rom all over the world to obtain vigorous ones resistant to phylloxera 
and later to nematodes. Later studies of varieties indicated the need 
of better early and late varieties of shipping grapes in California and 
similar studies in Southeastern States indicated the need of perfect- 
flowered varieties which would eliminate the need of nonfruiting male 
vines used for pollination purposes only and these objectives were 
sought in the breeding program begun in 1907. More recently atten- 
tion has been turned to the breeding of disease-resistant table grapes 
which could be grown both in home gardens and in commercial 
vineyards in the eastern region of the United States. 


D. FUNDS-—-AN NUAL EXPENDITURES 


The annual expense from about 1900 to 1910 was approximately 
$30,000 ; since 1910 the annual expenses ranged from $30,000 to $38,000 
in 1940, $63,630 in 1949, and $54,130 for 1950, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Introduction of perfect-flowered muscadine grapes for the South- 
east—As the result of the breeding work of the Department of Agri- 
culture, the Burgaw, Duplin, Pender, Tarheel, Wallace, and W illard 
perfect-flowered muscadine grape varieties have been introduced for 
the Southeastern States, making it possible for home gardeners to 
have one vine that will set good crops of fruit in their dooryard, and 
for commercial plantings to consist of one variety only. Male vines 
that bear no fruit need not be planted for pollination purposes. Bur- 
gaw is one of the best of these perfect-flowered varieties. 

Introduction of improved vinifera table shipping grapes for West- 
ern States—Two varieties, the Cardinal and Calmeria, have been 
introduced in California; the Cardinal introduced in 1946 is about 
three weeks earlier than any other shipping variety; the Calmeria 
introduced in 1950 is the latest shipping variety, to replace the 
Almeria or Ohanez, a self-sterile, saletivety unproductive variety. 
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These two varieties are already proving of commercial value in Cali- 
fornia and adjacent States and thousands of acres have already been 
planted. 

Introduction of phyllowera- and nematode-resistant rootstocks.—As 
the result of the Department’s work in testing the various stocks for 
resistance to phylloxera and nematodes, half the acreage in California 
is on resistant rootstocks and for most new plantings resistant stocks 
are used. They should be used far more widely in the important grape 
areas. In many areas the increase in yield due to rootstocks may 
average 3 tons per acre. The better stocks for general use are Rupes- 
tris-St. George as the standard phylloxera-resistant stock and Solonis 
< Othello 1613 as a stock highly resistant to root-knot nematode also. 

Control of little-leaf and poor setting—Different varieties of vini- 
fera grapes in California have produced extremely loose clusters with 
poor fruit-set in many commercial vineyards. Even though they may 
show no evidence of little-leaf, a symptom of zine deficiency, these 
vines when brushed or sprayed with a solution of zinc-sulfate imme- 
diately after pruning, gave approximately twice the yield of fruit. 
This method of increasing yields developed by Department workers 
has become a standard practice. Publication on regional adaptability 
of varieties: Grapes for Different Regions, Farmers’ Bulletin 1936. 


F. SOME ADDITIONAL WORK NEEDED 


Perfect-flowered, disease-resistant muscadine grapes.—Although 
high-flavored, fairly productive, perfect-flowered varieties have al- 
ready been obtained by breeding, this work needs to be continued to 
originate such large-fruited, disease-resistant varieties that the im- 
perfect-flowered ones can be discarded. 

Disease-resistant, high-flavored “bunch” grapes.—There are varie- 
ties, though of poor quality and grown but little, so resistant to black 
rot and mildew that spraying with fungicides is unnecessary. Varie- 
ties of eastern grapes should be bred combining such exceptional dis- 
ease resistance with high flavor and good commercial qualities for table 
and juice uses. Greatly increased size, flavor, and keeping quality can 
also be obtained by crossing the California type with resistant Eastern 
varieties. 

Improved shipping, seedless, and raisin grapes —Though the Car- 
dinal and Calmeria varieties fill the needs for the very early and very 
late table grape seasons in California, similarly good shippers are 
needed for the rest of the season; also seedless grapes to extend the 
season of Thompsons Seedless, and kinds that will produce higher 
flavored raisins. 

Improved rootstocks for California grapes.—Though good stocks 
highly resistant to phylloxera and root-knot nematode have been 
found very valuable and are being used extensively, stocks resistant 
to both these diseases and also to alkali and root diseases should be 
bred. 

Quick methods for testing disease resistance needed.—With straw- 
berries it has been found possible to test 25,000 seedlings for red 
stele resistance in a 30’ X30’ greenhouse section in winter more accu- 
rately and in less than one-fifth the time that field tests require. 
Research is needed to devise similar tests for resistance to black rot, 
mildew, and anthracnose of grape to hasten and lessen the cost of 
breeding for resistance to these diseases. 
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INVESTIGATIONS OF GRAPE AND OrHER SMALL-F rutIrT Pests IN THE East 


(BEPQ—I-b-S—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop more effective, economical, 
and practical methods of controlling the numerous insects attacking 
the grape and other small fruits in eastern United States which cause 
serious losses to growers. The work at this time concerns the develop- 
ment of effective methods of controlling the grape berry moth which 
will not leave objectionable spray residues on the fruit. Studies are 
conducted to develop more effective and satisfactory methods of con- 
trolling other insect pests of the grape, and pests of certain small 
fruits, including cranberries, blueberries, currents and gooseberries. 
Continued effort is necessary to improve control ated for many 
of the grape and small fruit-insect pests because certain of the meth- 
ods in current use are not entirely satisfactory. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-b-8-1—Experiments in control of grape berry moth with insec- 
ticides. Todevelop a more practical insecticidal program for control 
of the grape berry moth that can be used with grape fungicides with- 
out leaving objectionable residues on the fruit. 

I-b-8-2—Experiments in control of grape berry moth by cul- 
tural methods. To develop methods of controlling the grape berry 
moth by cultural methods such as plowing at the proper time to bury 
the cocoons. 

I-b-8-3—Investigations on control of grape insects other than the 
grape berry moth. To develop improved control measures for grape 
insects other than the grape berry moth, and to make incidental stu- 
dies and observations on the biology of these insects as a basis for the 
development of control measures. 

I-b-8-4—Grape spray residue studies. To determine the relation- 
ships between spray programs for grape berry moth control and the 
residues on the harvested grapes and in grape products such as wines, 
juices, jams, and jellies. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Grape insects were given some incidental attention by Federal en- 
tomologists during the early years of the Department’s existence but 
detailed investigations in the East were not undertaken until 1907 
when the serious injury caused by the grape rootworm in the Lake 
Erie Grape Belt led to the establishment of a laboratory there. Inten- 
sive work on this insect was carried on for a few years. The grape 
berry moth, rose chafer, grape leafhoppers, and other insects were 
also given serious study. Grape berry moth studies have been pursued 
continuously since 1917, because of the urgency of the problem and 
the lack of entirely satisfactory methods for controlling this insect. 
Some attention has been given for short periods to grape insects in 
other areas where serious loca] problems have developed. 

The serious damage done by the blueberry maggot in eastern Maine 
led to investigations of this insect in that area from 1925 to 1932, 
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inclusive. After some incidental observations on cranberry insects at 
various locations, a laboratory was established in Wisconsin in 1908 
because the contro] measures used by growers in Massachusetts and 
New Jersey were not effective in Wisconsin. In 1913 the cranberry- 
insect investigations were transferred to New Jersey, where they were 
continued until 1917. 

Although current work under this project is restricted to eastern 
United States, it included studies of the grape phylloxera and grape 
mealybug in California, and cranberry insects in Washington, early 
in its history. Federal work on cranberry insects was discontinued 
at the close of 1919. 


D. FUNDS--ANNUAL EXPENDITURES 


Only occasional nominal sums from general allotments for insect 
work, perhaps never more than a few hundred dollars in any single 
year, were expended for grape and small-fruit insect studies prior to 
1907. From 1907 to 1913 amounts expended from general funds for 
grape-insect work probably averaged no more than $5,000 per annum. 
From 1913 to 1949 the yearly expenditures averaged a little more than 
$7,000. In the fiscal year 1950 the allocation for this activity was ap- 
proximately $10,500. The annual expenditures for cranberry insect 
work during the period of 1913—20 averaged about $3,000 per year. 
Only nominal amounts were spent prior to 1913. The average amount 
expended for the blueberry-maggot project during the 8 years of its 
existence (1925-32) was approximately $8,900 per year. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Important contributions made to our knowledge of the biology of 
grape insects in eastern United States and to the development of prac- 
tical methods for their control.—The biological information accumu- 
lated by Department entomologists through many years of study is of 
inestimable value to research entomologists throughout eastern United 
States. Whenever new insecticides become available, their prompt 
evaluation on a sound biological basis is facilitated. The grape insect 
control methods developed, even though crude at first and in some 
instances never entirely satisfactory, helped commercial grape growers 
to produce profitable crops and by virtue of this service contributed to 
the development of the present extensive grape production and proces- 
sing industry. 

DDT spray programs developed for grapes.—DDT is the most ef- 
fective material yet discovered for controlling grape leafhoppers, rose 
chafer, grape rootworm, and grape berry moth. A practical DDT 
spray schedule was developed for use in northern Ohio. The benefits 
to grape growers have been the practical elimination of the serious 
grape leafhopper problem and of destructive outbreaks of the rose 
chafer and grape rootworm, which occasionally occurred in earlier 
years. The DDT also gives vastly improved control of the grape berry 
moth, with increased returns to the growers even though the extent. to 
which this material can be used in second-brood sprays is limited by 
the necessity for avoiding objectionable amounts of DDT residue on 
the grape berries at harvesttime, 








on 



















DECIDUOUS FRUITS AND EDIBLE TREE NUTS 1105 






Important contributions made to the development of a cultural 
method for grape berry moth control.—Systems of cultivation were de- 
veloped to destroy the wintering forms of the grape berry moth on the 
ground along the trellis row by covering them with a compact layer 
of soil. These methods are now widely used by growers in the Great 
Lakes area. Modifications of existing grape hoes help accomplish 
this purpose. With careful attention to these cultural practices each 
year, the severity of the grape berry moth problem can be greatly 
reduced, making the insect much easier to control with standard spray 
programs. 

Means of combating blueberry maggot developed.—By dusting the 
blueberry fields in Maine with calcium arsenate it was possible to 
reduce the maggot infestation 95 to 99 percent. This permits growers 
and canners to market a crop substantially free of maggots. The 
actual value of the blueberry crop in normal times in Maine is more 
than $1,000,000. The general use of calcium arsenate dust has resulted 
in at least a 10-percent saving to the growers. Many of the more 
heavily infested blueberry fields in Maine were left unharvested before 
the development of this control method. 

Surveys and studies of the life histories and habits of cranberry 
insects in New Jersey, Wisconsin, and Washington. —V aluable biologi- 
cal data secured during the period 1908 to 1919, inclusive, has provided 
a sound basis for the development of practical insecticidal and cultural 
control methods and their effective application by growers. 

Important contributions to cranberry-insect control.—These include 
the development of nicotine sulfate for black-headed fireworm control 
and an evaluation of the uses and limitations of control by the flooding 
method. The nicotine-sulfate treatment benefited cranberry growers 
particularly in Washington, where most of the bogs could not be sup- 
plied with enough water for flooding purposes. In the flooding work 
the recommended dates and periods for flooding cranberry bogs to 
control a number of serious insect ae were evaluated in field tests. 
The improvements in flooding schedules resulting from this work were 
of great value to the growers during the early developmental period 
of the cranberry industry. 


F. 





SOME ADDITIONAL WORK NEEDED 


Better materials and. spray programs needed. for controlling the 
grape berry moth—The amount of DDT which can be used on grapes 
during the period of second-brood grape berry moth activity is limited 
by the necessity for avoiding excessive residues at harvest time. The 
result is that spray schedules are not always as effective as they should 
be. The DDT also kills parasites and predators which control other 
pests not affected by DDT. Another objectionable feature is the great 
stability of DDT, which may allow it to accumulate in the soil in inju- 
rious amounts. The evaluation of new insecticides and tests of spray 
programs should be continued until these important objections to the 
present standard control measures are overcome. 

Investigations on control of small-fruit insects other than the grape 
berry moth should be conducted—In the eastern United States there 
are a number of different insects which often become destructive pests 
of small fruits when conditions are favorable for their development. 
Fully adequate control measures are available for relatively few of 
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these insects. Information on the value and limitations of the newer 
insecticides, and their compatibility with the required fungicides, for 
controlling many of these miscellaneous small-fruit insect pests is 
needed. 

Experiments should be made on control of the grape berry moth by 
cultural methods.—The present cultural method of control has not 
been completely evaluated with respect to the advantages which may 
accrue during long periods of usage. Chemicals now being investi- 
gated for weed control in vineyards show promise of being effective 
against the overwintering pupae of the grape berry moth on the soil 
along the trellisrows. A full investigation of the possibilities of these 
weed killers with respect to grape berry moth control and the develop- 
ment of information on the most effective materials, concentrations, 
dosages, and schedules for application are needed. 

Further spray residue studies needed.—The problem of residues 
resulting from applications of lead arsenate, DDT, and other insecti- 
cides, both on small fruits and grapes grown for fresh food and in 
products such as wines, juices, jams, and jellies, is one that deserves 
serious attention. The spray programs that have been developed give 
residues that are usually under the tentative administrative tolerances 
for apples and pears; but, when infestations are severe and late appli- 
cations are required, the residues are apt to be excessive. Analyses of 
lead, arsenic, DDT, and parathion in wines made from grapes show 
that most of these chemicals are eliminated in the pressing ameliora- 
tion and fermentation processes and that the wines are safe for con- 
sumption. Similar studies with respect to other products and new 
promising insecticides are needed. 

The problem of residual accumulations of insecticides in vineyard 
soils needs investigation.—The effect of insecticides in the soil on the 
vines and the development of means of avoiding or neutralizing injuri- 
ous accumulations iso need serious attention. 


Smatu-Frurr Propucrion, Diseases, AND IMPROVEMENT 


(BPISAE—b-1-4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) originate new varieties of berries which will produce maxi- 
mum yields of qualities desired for home garden and commercial use 
under the many prevailing conditions as affected by soils, climate, 
insects, diseases, and cultural and harvesting practices; (2) devise 
new practical methods for increased, improved, or cheaper production ; 
and (3) to devise improved practices for control of diseases. Because 
of the shorter time of getting berry seedlings into fruiting as compared 
with apple and pear seedlings, relatively greater emphasis is placed on 
breeding varieties resistant to disease than on methods of disease 
control. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-14-1—Breeding strawberries for improved quality, adaptation, 
and disease resistance. To originate varieties resistant to red stele- 
root disease, with frost-hardy flowers, with firm texture for shipping, 
with higher flavor and aroma, and adapted to the frozen-pack trade. 
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r b-1-4-2—Breeding raspberries and blackberries for improved qual- 

r ity, adaptation, and disease resistance. To originate varieties of rasp- 

Ss berries resistant to bud injury from cold, resistant to cane and leaf 
diseases, adapted to frozen-pack use, and adapted to the South as well 

y astothe North. To originate varieties of blackberries without thorns, 

rt ; of high flavor, adapted to the frozen-pack trade, resistant to cane and 

y leaf diseases, and with small seeds. 

1- b-1-4+-3—Breeding blueberries for improved quality, adaptation, 

e and disease resistance. To originate varieties of better flavor, better 

il shipping quality, greater heat and cold resistance, and resistant to the 

e canker disease. 

)- b-144—Breeding cranberries for increased yield and resistance 

S, to false blossom. To originate varieties of cranberries resistant to the 
false blossom virus disease, and adapted to each of the cranberry 

2S regions of the country, that will have high color, earliness of maturity 

i- to escape fall frost, and larger size. 

n b-1-4-5—The adaptation of berry varieties to various regions. By 

2S testing in different regions of the United States and by observations, to 

7e determine as accurately as possible the adaptation of the different vari- 
eS eties to the different regions. 

1- b-1-4-6—Breeding for resistance to red stele and other root diseases 

of of strawberry. To originate varieties resistant to the red stele root 

Ww disease, especially adapted to the regions of the United States where 

L- this root disease is serious. 

n- b-1+4~-7—The most economical practices in the management of berry 

Ww plantings—to increase production and improve quality. To test meth- 
ods of weed control, to test the fertilizers that are needed in the growth 

rd of the plant and fruit, and to devise other practices for increased 

ne production and improved quality that are economical to use. 

‘i- b-1-4-8—Increasing the yield of blueberry by cross pollination. 
To determine the value of cross pollination of the different varieties 
and species of blueberry for the different areas of the United States 
where blueberries are grown. 

b-14-10—Spoilage in cranberries. To test fungicides that may be 
useful for controlling fruit rots of cranberries. 

b-1-4-11—Stunt disease of blueberry. To determine the relative 
susceptibility of varieties of blueberries to this disease and by breed- 

a 1? obtain varieties highly resistant to it. ; 

oe 1-4-12—Cranberry injury caused by protective winter flooding 

Le, oractices. To study the injury to the cranberry plant and crop caused 

26 y oxygen deficiency in the water used for flooding cranberry bogs 

n; for winter protection and to devise methods for growers of avoiding 

md injury by oxygen deficiency during the winter. 

me b-14-18—Studies of minor elements in strawberry. To determine 

om whether strawberries on any soil types are deficient in minor elements 

on and to devise methods of applying minor elements that will give in- 
creased yields. 

b-1-4-14—Soil management and fertilizer requirements of straw- 

berry—to increase yield and improve quality. To study rotation of 

“nt bri > and soil-improving crops in the rotation with the strawberry and 

~Y to devise fertilizer practices to increase yields and improve the fruit 


quality. 
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b-1-4-15—Strawberry and raspberry root-rot disease investigations 
in the Pacific Northwest. To study particularly root-rot diseases of 
the strawberry other than the red stele root disease and to determine 
the cause of root rot of raspberry in the Pacific Northwest. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies on methods of controlling diseases of the cranberry started 
in the early 1900’s. Breeding of blueberries started about 1908. 
Breeding of improved varieties of raspberries, blackberries, and straw- 
berries began in 1919. The breeding of cranberries began about 1929. 
Recent work with the strawberry has centered around the origination 
of firm, large, high-flavored, hardy varieties resistant to the red stele 
root disease, which is so serious in northern areas, both in Eastern 
and Western States. 


D. FUNDS—ANNUAL EXPENDITURES 


The annual expenditures from about 1900 to 1910 ranged from 
$5,000 to $15,000; from 1911 to 1920, from about $20,000 to about 
$50,000 ; since 1920 the annual expenditures have varied from $50,000 
in 1930, $58,000 in 1940, to $66,140 for 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Blueberry varieties —Al\\ of the blueberry varieties used in the pres- 
ent cultivated blueberry industry and most of the cultural methods 
followed have been developed as a result of the Department’s research. 
The 1949 farm value of the blueberry crop from cultivated acreage 
was $3,000,000; the 1950 value, about $4,500,000. Native wild blue- 
berries were selected, crossed, and recrossed to give us the large- 
fruited, high-flavored, productive varieties. Four of the most out- 
standing varieties (Coville, Berkeley, Murphy, and Wolcott) were 
introduced in 1949. 

Strawberry varieties important.—The first of the Department’s 
strawberry varieties introduced was the Blakemore, and it. now con- 
stitutes over one-third of the total crop of the country. It is liked 
because of its excellent shipping qualities. The Department also has 
originated the Temple ot Fairland varieties, two of the successful 
red stele-resistant varieties that make it possible to grow strawberries 
in soils infested with the red stele root disease. Other varieties re- 
sulting from the breeding work are Brightmore, Massey, Maytime, 
Redstar, Starbright, Midland, Fairpeake, Fairfax, Suwannee, South- 
land, and Fairmore. The acreage of all varieties originated by the 
Department is about 40 percent of the total and valued at $32,000,000. 

New rasperry variety for the Northwest—The Willamette variety, 
introduced by the Department in 1948, is being more widely grown 
each year because of its greater cold hardiness, its larger fruit size 
compared with Cuthbert, and its excellent processing quality. 

New improved cranberry varieties—The Department has just 
introduced three new cranberry varieties, Beckwith, Stevens, and Wil- 
cox, selected as a result of breeding for better varieties and varieties 
resistant to the false-blossom virus disease. Many additional selections 
from this breeding are still under test. 
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Cranberry disease controlled —The cranberry disease-control pro- 
gram for practically the whole industry of the United States has been 
developed by our disease specialists. In many areas it would be im- 
possible to grow the cranberry except for this control program. In 
addition it has been found that much of the poor crop in some years 
was due to oxygen deficiency of the water which was used for flooding 
cranberries in the winter for cold protection. Methods have been 
devised to tell when the oxygen in the water is low enough to cause 
cranberry smothering, and methods have been devised for control of 
this oxygen deficiency. This work alone has enabled growers in Wis- 
consin to nearly double their annual yields and has helped greatly in 
the Massachusetts and New Jersey cranberry sections to control loss 
from oxygen deficiency. 

Extent of strawberry virus diseases established —Until recently it 

yas thought that there was no virus problem in strawberries in East- 
ern States. However, through the work of the Department specialists 
it has been shown that strawberry virus diseases have gotten into most 
of the stocks of strawberries in the Eastern United States and that 
they cause very serious losses, even though the symptoms of the dis- 
eases are not so plain as with virus diseases of other plants or of the 
strawberry on the Pacific Coast. 


F. SOME ADDITIONAL WORK NEEDED 


Origination of frost-hardy-flowered strawberries —Crosses of a wild 
strawberry with flowers standing more than 10° more frost than our 
ordinary varieties indicate that desirable commercial varieties with 
frost-hardy flowers can be bred. The annual loss from frost prob- 
ably amounts to a million dollars anually and this work needs com- 
pletion. 

Red stele-resistant strawberries—Though two varieties from the 
Department’s breeding work and two from New Jersey Experiment 
Station have been introduced that are resistant to the red stele-root 
rot, varieties for other regions of the country that suffer severe loss 
from this disease need to be originated. Recently also a strain of the 
red stele-root disease has appeared to which the four above-mentioned 
resistant varieties (being grown commercially) are susceptible. Va- 
rieties resistant to this new strain of the disease need to be bred. 

Improved varieties with higher aroma, larger size, higher vitamin 
€ content, and greater firmness needed —Commercial varieties can be 
greatly improved by combining the finest aroma, largest size, highest 
vitamin C content, and greatest firmness of strawberries into disease 
resistant, productive ones adapted to each section. 

Breeding thornless blackberries possible —Tests only this year have 
indicated that it is possible to cross a large-seeded, fair-flavored, non- 
hardy, thornless blackberry with our hardy, high-flavored varieties 
so as to get fine thornless varieties to be grown by industry and by home 
gardeners. This line of breeding work should be followed up as 
promptly as possible. Some of the first-generation seedlings from 
such a cross have relatively small seed, fine flavor and are productive. 

Better-keeping blueberries needed—Spoilage of blueberries on 
the market is due to a large extent to the tearing of the flesh and 
skin when they are picked from the stems. There are some varieties 
that tear only a little when picked, and an effort is being made, and 
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should be followed up, to obtain a series of varieties that do not tear 
when picked and that will keep far better when placed on the market. 

Spoilage of cranberries in the field—Adjoining cranberry bogs 
and different areas in a single bog produce berries that keep very 
differently. Some keep well, others spoil in the field. An under- 
standing of the conditions that affect the keeping quality of the cran- 
berry is needed and may make it possible with very little expense to 
make good-keeping berries of all cranberry crops from all areas. 
This spoilage is especially severe in New Jersey but occurs also in 
the Massachusetts cranberry areas. 


Virus Diseases oF STRAWBERRIES 
(BPISAE—RM: b-530—Federal-State—RMA Funds) 
"A. PURPOSE AND NATURE OF CURRENT WORK 


To isolate, increase, and maintain strawberry planting stocks free 
of virus diseases for foundation stocks for nurserymen and growers. 
The current work is primarily concerned with testing vigorous stocks 
of varieties from every part of the United States in the attempt to 
obtain clean stocks and to obtain information on action necessary to 
keep stocks clean. Any tested plants that are clean are propagated as 
foundation stocks. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-530-1—Isolate, increase, and maintain strawberry planting 
stocks free of virus diseases. To obtain planting stocks free of virus 
diseases and provide foundation stocks for nurserymen and growers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


General studies which have been under way for about 10 years, have 
shown that most stocks of strawberries in eastern United States are 
infected with virus diseases. This project was organized in the sum- 
mer of 1949 to isolate, increase, and maintain strawberry planting 
stocks free of the diseases. This work needs to be continued until 
stocks of as many as possible of our important varieties are found free 
of disease and until such stocks are propagated and can be maintained 
free of these troubles. 


D. FUNDS—ANNUAL EXPENDITURES 
The appropriation for 1950, the first year of operation, was $18,400. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Finding of disease-free stocks.—Stocks of at least 15 varieties have 
already been found free from virus diseases and these have been put 
in the greenhouse and propagations started. We may expect that 
within about 3 years stocks of these will be available for general dis- 
tribution and commercial propagation. In addition, more than a 
thousand grafts have been made in testing vigorous stocks with indi- 
cator plants. Plants of many other kinds are probably free from virus 
but it will take some little time yet to determine this fully. 
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New disease indicator found—It has been found that Fragaria 
vesca, the native European wood strawberry, shows virus in 3 to 6 
weeks after its runners are grafted to runners of infected plants. This 
makes it possible to determine whether a plant has virus in a much 
shorter time than formerly. 


F. SOME ADDITIONAL WORK NEEDED 





Search for immune parental material and breeding to obtain 
varieties immune to virus ——One selection of our eastern meadow 
strawberry seems to be immune to virus. So far, no virus has been 
found in it. In Canada tests by one of the workers there indicated 
that some selections of the native meadow strawberry were immune 
to virus. If this is properly checked and found to be true, it may 
be possible to use these in the regular work of breeding immune 
varieties for permanent control of such diseases. 

Separation and identification of strawberry viruses—In order to 
properly understand the viruses of strawberries it is essential that 
methods of separating the different varieties and identification of 
them be found so that if there is a possibility of breeding for resistance 
to the viruses this can be accomplished. At the present there is little 
knowledge of the kinds of viruses that are present in strawberry 
stocks and it seems impossible to breed for resistance to them until 
we have this knowledge. 

Sources of viruses and keeping healthy stocks clean—Surveys 
should be made of the wild strawberries to determine whether virus 
exists in native strawberries growing in the wild and might spread 
to cultivated varieties. Tests should be made in strawberry propa- 
gating areas to determine conditions necessary for keeping stocks 
clean. 

Foundation stocks.—Though virus-free plants of some strawberry 
varieties have been found, clean stocks of all varieties should be built 
up as foundation stocks for nurserymen. This should greatly increase 
production of strawberries in many sections. 

Immunization by use of mild strains of virus.—In the peach it 
seems to be — to put a mild form of virus into a cultivated 
variety and the mild form will cause no loss of crop but will immunize 
against the severe form of the same virus. Thus it is possible to grow 
peaches that could not be grown because of the effect of the severe 
virus. The same procedure might be applied to strawberries when 
strains of the viruses have been separated. If it is not possible to 
eliminate virus from strawberry plantings, a method may thus be 
found to grow strawberries in spite of virus diseases. : 

Killing virus in plants.—Tests should be continued to see if through 
use of chemicals or heat affected plants may be freed from the virus. 

Other host plants——Continued tests of other possible host plants 
of the virus should be made, particularly those related to the straw- 
berry, such as rose, or blackberry. 
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Epr1size Tree Nut Propuction, BREEDING, AND DIsEAsE INVESTIGATIONS 


(BPISAE—b-3-5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the basic principles governing the growth and 
fruiting of pecan, walnut, almond, filbert, chestnut, and other edible 
tree nuts, and how they are affected by differences in soils, fertilizers, 
culture, pruning, irrigation, and pollination; (2) determine the causes 
for and practical control of diseases; (3) develop by breeding new 
high-yielding disease and insect resistant varieties producing well- 
filled, high-quality nuts; (4) devise and test methods of sexual propa- 
gation of varieties; and (5) test the suitability of understocks. The 
current work is particularly concerned with solving the critical prob- 
lems of growers which at present limit production or result in very 
‘ high costs per pound of nuts, and is outlined below. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-3-5-1—Pecan production. To develop methods of increasing 
yields, and the quality of the nuts produced, through improvements 
in orchard-management practices. 
b-3-5-2—Breeding and testing of new pecan varieties. To develop 
new varieties of pecan which are resistant to disease, prolific, and 
adapted to production and market requirements, especially as to 
kernel quality and suitability for commercial shelling. 
b-3-5-3—Control of pecan diseases. To determine methods of 
control and the best materials to use; to test equipment for applying 
them; to devise or improve other practices which through protective 
treatments, sanitation, or eradication will control pecan diseases and 
result in the largest net return to the grower. 
b-3-5-4—Mineral nutrition of pecans. To determine the relation- 
ship between the mineral composition of pecan leaves and the growth, 
yield, and quality of the nuts produced, in order to find the optimum 
level of each essential element and the balance (ratio) between ele- 
ments that results in the largest yields of high-quality, well-filled 
nuts. 
b-3-5-5—Maintenance of fertility in pecan soils. To determine the 
effects of different methods of culture, cover crops, and fertilizers 
on the level of soil fertility supplied to the trees and to develop 
methods of maintaining the fertility under suitable orchard con- 
ditions, whereby the trees will make satisfactory growth and yield 
profitable ee of high-quality nuts. 
b-3-5-6—Thinning the nut crop by spraying with chemical solu- 
tions. To develop methods of thinning the crop on overproducing 
pecan trees by spraying them with chemicals that will result in more 
uniform production of higher quality and better filled nuts than is 
obtained from alternate bearing trees. 
b-3-5-7—Breeding and testing of new almond varieties. To de- 
velop new almond varieties that are resistant to disease, prolific, 
adapted to production and market conditions, especially as to kernel 
quality and suitability for commercial manufacturing processes. 
b-3-5-8—Walnut-tree growth and productiveness. To increase the 
yield, improve the quality of the nuts, and lower the cost of produc- 
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tion through improvements in walnut orchard management practices. 

b-3-5-9—Filbert-tree growth and productiveness. To develop im- 
provements in filbert orchard management practices that will increase 
the yield, improve the quality of the nuts, and lower the costs of 

uction. 

b-3-5-10—Cause and control of filbert diseases. To determine the 
nature, causal agent of the disease, and to devise and test methods 
of control through protective treatments, sanitation, or other methods 
which will result in the largest net return to the grower. 

b-3-5-11—Cause and control of walnut diseases. To determine the 
nature, causal agent of the disease, and to devise and test methods 
of control through protective treatments, sanitation, or other methods 
which will result in the largest net return to the grower. 

b-3—5-12—Filbert breeding, selection, and variety testing. To de- 
velop new, hardy filbert varieties for the Northeast by hy bridization 
of the native American filbert (hazelnut) with the European filbert. 

b-3-5-13—Chestnut breeding, selection, and variety testing. To 
develop new varieties of chestnut for nut production that would not 
only be suitable for home planting but which would make commercial 
production possible. 

b-3-5-14—Walnut breeding, selection, and variety testing. To 
develop new hardy, heavy-bearing, thin-shelled w alnut varieties hav- 
ing the hulling and cracking quality of the Persian (English) walnut, 
and the flavor and cooking quality of the eastern black walnut. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Probably the first research work on tree nuts was started in 1902 
to determine the cause and control for the pecan disease known as 
rosette. It was not until 1932, or 30 years later, that it was found 
to be a zine deficiency. Work on this and other diseases was con- 
tinued intermittently until about 1920, when the research program 
was enlarged to include work on production problems with pecans, 
the breeding of new almond varieties, and the problem of eee 
tion of the Persian (English) walnut on the west coast. By 1936 
the disease and production problems of the pecan and Persian w: stout 
had become so critical as to threaten these industries; as a result 
the scope of the research work was greatly broadened and enlarged. 
This was followed by investigations on methods of disease control 
and improvements in production practices that have not only made 
it possible for the growers to stay in business, but have led to the 
establishment of many new orchards and have brought domestic 
tree-nut production to an all-time high. 


D. FUNDS--ANNUAL EXPENDITURES 


Estimates for the early years are difficult to obtain. A very rough 
estimate of annual expenditures from 1902 to 1929 ranged from $6, 000 
to $40, 000. From 1930 to 1939 the costs have ranged from approxi- 
mately $55,000 to $160,000 and have averaged about $125,000. From 
1940 to 1949 the costs have ranged from approximately $110,000. to 
$160,000 and have averaged about $135,000. For the fiseal year 1950 
$153,560 was allotted. 








1114 AGRICULTURAL RESEARCH AND RELATED SERVICES 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Pecan rosette found to be caused by zine deficiency.—Although the 
disease condition of pecan trees known as rosette was called to the 
attention of the Department in 1902 and work was started then, by 
1930 it was estimated that 60 percent of all bearing trees in orchards 
were affected. In 1932 this disease was found to be caused by a 
deficiency of zinc and readily corrected by application of zine in 
suitable forms and by proper methods. This discovery furthered 
the development of the pecan industry and has meant millions of 
dollars of income to pecan growers. 

Control of walnut blight or bacteriosis—The disease of Persian 
walnut known as blight or bacteriosis caused such high losses that 
a growers’ association offered a reward of $25,000 for a satisfactory 
method of control. Highly effective and economical control measures 
were devised which, when applied properly, will result in 95- to 98- 
percent control even under the most severe conditions. 

New almond varieties fill important place—Two hybrid almond 
varieties adapted to California have been developed cooperatively and 
extensive plantings have been made. One of these, the Jordanola, 
has become most important because of its heavy preduction and 
superior quality. The Jordanola has regained a special fancy market 
that was lost to American growers because of lack of a suitable 
variety to meet this demand. Other new varieties for the candy- 
bar trade now under test are to be released in the near future to fill 
a demand for large quantities of nuts for this special purpose. 

Borax treatment corrects Persian walnut disorder.—Research 
showed that most of the Persian walnut orchards of the Pacific North- 
west are deficient in boron. A disorder caused by this deficiency was 
known for more than 20 years. It was called variously dieback, snake- 
head, baldhead, and winter-kill. Applications of borax to the soil 
around the trees has resulted in greatly increased yields and higher 
quality of the nuts produced. As an example, trees after treatment 
averaged 185 pounds of nuts per tree while similarly affected untreated 
trees yielded 29 pounds. 

Effective control for pecan scab results in increased profits.— 
Methods for the control of pecan scab, the most widely distributed and 
destructive disease of pecan nuts, have been developed that are effec- 
tive and profitable to use in most seasons. In seasons of frequent rains 
and high humidity during the susceptible period, effective and profit- 
able control is not always possible. Notwithstanding the poor control 
obtained some years, experiments carried out over a 12-year period 
showed that the highly susceptible Schley trees when properly sprayed 
produced on the average 47 pounds of nuts per tree per year, while 
similar unsprayed trees csnllana only 12.5 pounds. On a basis of 
10 trees per acre this increase in yield has meant a net profit of about 
$58 per acre per year after deducting the cost of spraying. 

Cultivation and fertilization practices greatly affect pecan yields 
and quality—Long-time cultural and fertilizer experiments have 
shown that pecan-tree growth, yield, and quality of nuts produced 
are greatly affected by these practices. Highest yields have been ob- 
tained by growing a winter legume cover crop annually that is turned 
under in early spring and then cultivated to keep oun grass and 


weeds. Asa rule fertilizer supplying from 40 to 60 pounds of phos- 
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phoric acid and from 50 to 60 pounds of potash per acre applied 
before or at the time of seeding the winter legume cover crop is 
required for best production of green manure. When the cover crop 
breaks down, the phosphorus and potassium are released and are read- 
ily taken up by the pecan roots. It has been found that for most 
satisfactory production of nuts pecan leaves should have a nitrogen 
content in “September of about 2.4 to 2.6 percent. Higher nitrogen 
content results in even greater yield but the nuts are less well filled. 
Lower nitrogen results in lower yields but in better filled nuts. 

Chinese chestnut now gives promise of replacing native and Euro- 
pean species for the production of nuts—Introduction of Chinese 
chestnut seed from China by the Bureau of Plant Industry, Soils, and 
Agricultural Engineering has furnished the material for the develop- 
ment of new varieties by “breeding which now give promise of replac- 
ing the native and European species for the production of nuts for 
home use and commercial market. The Chinese species has been found 
to be highly resistant to the chestnut-blight disease that destroyed 
the trees of the native and European species in this country. New 
varieties of the Chinese chestnut have been developed that come into 
bearing early and produce annually large crops of nuts having large 
size and good quality. Trees of these new varieties, Kuling, Meiling, 
and Nanking are now being planted extensively in home and commer- 
cial orchards. 

New production practices increase yields of filberts—AlII\ filbert va- 
rieties have been found to be self-unfruitful and must, therefore, be 
cross-pollinated to set large crops of nuts. The various varieties flower 
at different times and pollen is generally shed before or after the 
period of pistillate flower rec eptivity ; ; hence, the problem of provid- 
ing suitable pollination for commercial varieties is quite involved. 
Research work has furnished the information whereby it is now pos- 
sible to insure adequate pollination as to the varieties, number, and 
arrangement of trees that must be planted together. This work has 

resulted in gr ae increased yields and in the ‘uniformity of the crop 
from year to yea 

Losses of young filbert trees of as much as 25 percent were expe- 
rienced by growers because of the disease known as filbert blight or 
bacteriosis. Highly effective and low-cost control measures have been 
developed, whic *h when properly carried out will completely prevent 
all losses. 

Filbert trees in Oregon have been found to respond to applications 
of nitrogen fertilizers with increased yields of nuts. Experiments 
have shown that $1 invested in ammonium sulphate or ammonium 
nitrate applied to filbert trees has given a profit of more than $3. 
The main effects from applications of andi fertilizers has been 
from the nitrogen it supplied. These findings have resulted in the 
universal applic ation of nitrogen to filbert trees. Old trees that have 
gone out of production have been rejuvenated and brought back into 
heavy production by moderately severe pruning and the application 
of nitrogen fertilizers. 


52—51—-vol. 2-9 
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F. SOME ADDITIONAL WORK NEEDED 


Development and evaluation of new nut varieties especially of inter- 
species hybrids.—Practically all nut-breeding work done to date has 
been within the pure species and hence with marked limitations as to 
the possibility of developing outstanding varieties that would combine 
the best and most desirable characters of two or more species. For 
example, if the heavy production of the Persian (English) walnut, 
its bearing habit, character of nuts, and high resistance to the anthrac- 
nose disease could be combined with the hardiness of tree and the 
flavor and quality of the eastern black walnut, a completely new and 
outstanding variety would be produced. 

New scab-resistant-pecan varieties are urgently needed. A new early 
maturing Persian (English) walnut variety to replace the highly 
important F "ranquette is needed now to meet marketing demands. 

More new almond varieties to fill special manufacturing require- 
ments are demanded by the candy and other industries. Nut-tree 
breeding is very slow and is a field of work that as yet has been almost 
untouched. The long-time possibilities of creating new outstanding 

varieties is very great. 

Methods of preventing shriveling or increasing the degree of filling 
of the nuts—The problem of shriveling or lack of proper kernel devel- 
opment in walnuts, filberts, and pecans has become critical. Trees 
that produce shriveled or poorly filled nuts 1 year generally fail to 
bear a satisfactory crop the following year. As these conditions are 
most evident in old orchards it is believed that a major part of the 
trouble is caused by mineral exhaustion of the soil, particularly the 
so-called minor elements, by unbalanced nutrition resulting from in- 
adequate supply of phosphorus and potassium in relation to calcium 
and magnesium supply, or by a combination of these nutritional con- 
ditions. The solution will require many carefully planned long-time 
field experiments and a large number of chemical determinations. 

Cultural, fertilization, harvesting, and handling practices for Chi- 
nese chestnut production.—Now that extensive plantings of Chinese 
chestnuts are being made, research work is nailed to determine the 
soil types, cultural, fertilizer, harvesting, and handling practices that 

result in best tree growth, yield of nuts, and market quality. This is 
a new nut industry. 

Additional disease-control research needed.—Diseases that limit nut 
production and even destroy the trees have seemingly increased faster 
than it has been possible to work out satisfactory methods of control. 
For example, the pecan scab fungus, like that causing wheat rust, 
produces new strains that attack varieties thought to be highly resist 
ant orimmune. A disease of Persian walnut, known as black line and 
apparently a failure of the graft union, is resultig i in very severe losses 
of mature bearing trees in California and the Pacific Northwest. Virus 
diseases attacking at least four species of walnut, the pecan, and the 
water hickory are known; these throw the affected trees out of pro- 
duction and ultimately kill them. At present little is known about 
these diseases. 

The development of new types of equipment, materials, and formu- 
lations for the control of diseases attacking nut trees or the nuts, or 
both, are badly needed. 
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Nout Iwsecr INVESTIGATIONS 
(BEPQ—I-b-6—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop practical methods for the 
control of the numerous serious insect pests attacking the various nut 
crops, and to improve the methods now employed. Current work is 
directed primarily against the more important insects that attack 
pecans, secondarily to insects on filberts and chestnuts. Biological 
studies are made to determine the points in the life cycle of the insect 
at which it can be most effectively attacked, and when the control 
measures may be best applied. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-b-6—-1—Studies of the biology of the hickory shuckworm on 
pecan. To provide biological information essential for the develop- 
ment of practical control measures, especially as to the best timing of 
spray applications. 

I-b-6-2—-Control of hickory shuckworm on pecan by cultural 
methods. To explore the possibilities in the use of a cultural program 
for control of the hickory shuckworm, and to determine the influence 
of weather conditions, soil texture, and soil-management practices on 
the effectiveness and expediency of the method. 

I-b-6-8—Control of the hickory shuckworm on pecan by the use of 
insecticides. To develop a practical insecticide for control of the 
hickory shuckworm attacking pecan to reduce the serious crop losses 
now caused by this insect. No effective insecticide is now known. 

I-b-6-4+—Control of the pecan-nut casebearer. To develop a more 
effective and practical method for the control of the pecan-nut case- 
bearer, with special reference to new insecticides. 

I-b-6-5—Timing of pecan-nut-casebearer sprays. To develop a 
more effective, simpler method of timing pecan-nut-casebearer sprays. 

I-b-6-6—Studies of biology of the pecan weevil. To provide in- 
formation essential for the effective timing of spray applications for 
the control of the pecan weevil. 

I-b-6-7—Control of the pecan weevil. To develop effective, prac- 
tical methods for the control of the pecan weevil, with special emphasis 
on new insecticides. 

I-b-6-8—Biology of the shoot curculios attacking pecan. To de- 
termine the phases of their life histories at which these insects may be 
most. effectively attacked. 

T-b-6-9—Control of the shoot curculios attacking pecan. To de- 
velop effective, practical control measures for the control of the shoot 
curculios attacking pecan. 

I~b-6-10—Control of the pecan aphids. To develop more effective 
control measures for the contro! of the pecan aphids, particularly the 
black pecan aphid. 

I-b-6-11—Investigations of methods of applying insecticides for 
the control of pecan insects. To develop more effective means of 
applying insecticides for control of pecan insects, including the devel- 


opment of suitable formulations for use in different types of equip- 
ment. 
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I-b-6-12—Investigations of miscellaneous pecan insects. To de- 
velop practical control measures for the control of miscellaneous pecan 
insects, and to make observations on habits and seasonal history on 
such insects to determine the stages at which control measures may 
best be applied, and to aid in the timing of spray applications. 

I-b-6—-13—Control of the filbert worm with insecticides. The de- 
velopment of more effective, practical methods of controlling the filbert 
worm with insecticides. 

I-b-6-14—Studies of biology of the chestnut weevils. To provide 
information on the seasonal occurrence and life history and habits of 
the chestnut weevils as a basis for the timing of spray applications. 

I-b-6-15—Control of the chestnut weevils. To develop effective 
practical insecticides for the control of the chestnut weevils. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigations of insects affecting tree nuts, including pecans, wal- 
nuts, filberts, chestnuts, and hickories, were started in a small way in 
the early 1900’s, but had their real beginning in 1913, when field head- 
quarters were established for work on pecans. Studies of pecan in- 
sects have continued since that time because of the expansion of the 
pecan industry and serious losses due to insects. Work on filberts, 
incidental to other studies in the early days of the project, has been 
continuous since 1937 as the industry expanded in the Pacific North- 
west. Studies on insect pests of other tree nuts have been conducted 
intermittently to meet specific problems. Early studies were con- 
cerned largely with identifying the insects causing injury and with 
obtaining information on their life histories and habits as a basis for 
developing control measures. At first, considerable attention was 
given to natural enemies and cultural control practices. Progress has 
been made in developing effective, practical control measures for an 
increasing ttumber of the many serious pests of tree nuts as new 
methods of using old insecticides have been found, or as new, more 
potent materials have become available. 


D. FUNDS—-ANNUAL EXPENDITURES 


It is estimated that expenditures for the study of insect pests of tree 
nuts ranged from $200 to about $1,000 per year from 1900 to 1913. 
Expenditures for this work fluctuated slightly from year to year from 
1913 to 1927 but gradually increased from $2,200 to about $15,000. 
They were further increased, particularly in 1928, 1929, and 1931, 
when work on pecan insects was greatly expanded, until they reached 
a peak of about $38,000 in 1932, and then dropped to about $16,000 in 
1934. Funds have since increased gradually as costs have risen, to 
range from about $20,000 in 1936 to about $38,000 in 1949 and about 
$40,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Control of nut insects based on knowledge of identity, life history, 
and habits —The identification, description, and biological studies of 
insects affecting tree nuts, on which most present-day work in this 
field is based, may be credited in a large measure to Department activi- 
ties in the early years of this project. As a result of the completeness 
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of these studies and their accuracy, only limited biological studies, to 
account for local and seasonal inconsistencies in habits and dev elop- 
ment and to time spray applications, are now required for many com- 
mon insects affecting tree nuts. 

Cultural control developed for the hickory shuckworm, a major pest 
of pecans that cannot yet be controlled by sprays —Know ledge that 
the development of immature hickory shuckworm larva in pecan-nut 
drops can be prevented if the nuts are buried under 4 or more inches of 
soil led to a recommendation whereby about half the injury caused to 
pecans by this insect can be prevented by plowing under infested nut 
drops in July and August with a disk tiller plow. 

Spray programs for control of the pecan-nut-casebearer developed, 
improved, and widely used by growers.—W ork with the many natural 
enemies of this pest revealed that they could not be readily utilized for 
dependable control and that insecticides must be resorted to. Bureau 
work aided in the development of the spray program based on lead 
arsenate for use in the semiarid areas of the Pecan Belt and was re- 
sponsible for the development of the nicotine sulfate-oil program for 
use in the more humid areas. Recently DDT has been found to have 
several advantages over former spray programs and is now coming 
into wide use. Progress i is still being made in this work, particularly 
with reference to the dev elopment of an improved method of timing 
spray applications. 

Pecan weevil well controlled by DDT .—This beetle, which destroys 
both small and mi ae pecan nuts and is increasing in importance 
throughout the Yecan Belt, resisted all control efforts with insecticides 
for many years. ” Secon work has resulted in the recommendation 
of an effective spray program based on DDT that reduces injured nuts 
by 90 percent or more. This treatment is rapidly being adopted by 
pecan growers throughout the Pecan Belt. Indications have been 
obtained that toxaphene may be about as effective as DDT and less 
expensive. ‘The most effective method of control prior to DDT was 
te bang the trees at intervals to jar the beetles onto a sheet from which 
they could be collected and destroyed. This cut losses, due to this 
insect, about in half. 

Control measures developed for the pecan phylloxera—This is an 
insect that causes numerous tumor-like swellings on the leaves, leaf- 
stalks, nuts, and succulent shoots of pecans. Studies in Louisiana 
showed that the phylloxera could be controlled effectively with nico- 
tine sulfate in combination with liquid lime sulfur or mineral oil 
emulsions. Such treatments have been in general use for a number 
of years wherever this increasingly important insect has been a prob- 
lem. Recent revival of work on the pecan phylloxera has indicated 
that some of the new dinitro and benzene hexachloride sprays may 
control it effectively. 

Chestnut weevils controlled with DDT .—These weevils have long 
been a serious limiting factor to the successful revival of a chestnut 
industry based on blight-resistant varieties because they could not be 
controlled satisf: actorily with the recommended lead arsenate spray 
program. The recent finding that DDT will give a high degree of 
control of these weevils may well result in reviving interest in com- 
mercial plantings of chestnuts. Work is in progress to determine the 
best time to apply DDT and to determine the value of other newer 
and potent organic insecticides. 
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F., SOME ADDITIONAL WORK NEEDED 


Control measures needed for the hickory shuckworm on pecans.— 
This insect causes a continuing loss of nuts throughout the growing 
season everywhere in the Pecan Belt and reduces the quality of many 
nuts that reach the harvest period. A more widely applicable and 
effective method than burying infested drops by cultivation is urgently 
needed. Intensive studies of new insecticides and schedules for their 
application are under way in the hope of developing an effective 
spray program. 

Work needed on insecticides other than DDT.—The widespread 
adoption of DDT by pecan growers has often been followed by out- 
breaks of other pests. Mites and aphids particularly have required 
additional control efforts. This means that work should be continued 
with other new, potent organic insecticides against such pests as the 
pecan-nut casebearer, pecan weevil, and chestnut weevils to find a 
material that will give control alone or in combination with DDT with- 
out allowing additional pests to increase to damaging proportions. 

Further experiments needed with insecticides for filbert worm 
‘control.—The present recommended treatment for the filbert worm, 
based on lead arsenate, is not fully satisfactory, particularly against 
moderate or heavier infestations in older orchards. A high Saves 
of control is important from the standpoint of grading and packing 
as well as preventing crop losses. New insecticide materials should 
continue to be evaluated as rapidly as they become available. 

Better equipment needed for applying insecticides to nut trees.—Nut 
trees, particularly pecans and walnuts, frequently attain such large 
size that it is not unusual for a recommended treatment to fail to 
give satisfactory control because of incomplete spray coverage. ‘This 
is especially true in the control of the black pecan aphid, an insect 
that often causes such severe premature defoliation of pecans that 
affected trees fail to produce a crop the following season. Work is 
urgently needed to develop more efficient types of spray equipment 
for treating large-sized trees thoroughly and to develop suitable for- 
mulations of insecticides for use with them. 


Frurr Propucrion AND IMPROVEMENT FoR CoLp AND DrovuGutr 
REsISTANCE IN THE GREAT PLAINS 


(BPISAE—b-1-5—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain through variety tests, cultural studies, and plant breed- 
ing, varieties of fruits of high quality and productivity suitable for 
home gardens and commercial culture under the extreme environ- 
mental conditions of the Great Plains region. Varieties and species 
of fruit from cold areas throughout the world are assembled so far 
as practicable at testing locations and evaluated for their usefulness 
for production under Plains conditions and for use in breeding work. 
Most promising varieties and selections from breeding work are 
widely tested throughout the areas in cooperation with State and 
other Federal agencies and with farmers. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-5-1—Breeding and adaptation tests with small fruits, to find 
or develop types of grapes, strawberries, raspberries, and other berries 
adapted to Central Great Plains conditions. To breed varieties of 
strawberries and raspberries adapted to the severe climate of the 
Central Great Plains region that will increase the income of farmers, 
fruit growers, and nurserymen of the region and that will improve 
the diet of the people. No variety of raspberry or everbearing straw- 
berry has been found that is reliably winter hardy throughout the 
region. 

b-1-5-2—Testing and evaluation of important tree and bush fruits. 
To find varieties of tree and bush fruits adapted to the cold, dry, 
windy climate of the Central Great Plains, in order to improve the 
diet and increase the income of farm and ranch families of the region. 

b-1-5-4—Vitamin content of native fruits and adapted varieties. 
To select kinds and varieties of fruits with high vitamin content to 
maintain and improve the nutrition of the people of the Great Plains. 

b-1-5-5—Variety testing of fruits for the Northern Great Plains 
region. ‘To determine the hardiness, productiveness, and quality of 
fruit for both standard varieties and new introductions and to obtain 
information as to their usefulness for planting in the Northern Great 
Plains. Variety tests include apples, crabapples, plums and plum 
hybrids, pears, apricots, cherries, sandcherries, grapes, raspberries, 
strawberries, currants, wooseberries, juneberries, and other hardy 
fruits. 

b-1-5-6—F ruit breeding for the Northern Great Plains region. To 
develop new varieties of fruits better adapted to conditions in the 
Northern Great Plains. 

b-1-5-7—Cultural methods tests with fruits in the Northern Great 
Plains region. To determine best cultural practices for growing fruits 
in this region. 

b-1-5-8—Pruning methods for the Northern Great Plains region. 
To determine pruning methods that give best results for fruit trees 
planted in the Northern Great Plains. 

b-1-5-9—Performance of dry-land orchards in different sites and 
localities in the Northern Great Plains region. To determine the 
effects of different sites on the success of orchard plantings; to test 
varieties over a wide area of the Northern Great plains. 

b-1-5-10—Variety testing of fruits for the Southern Great Plains 
region. ‘To determine what varieties of tree fruits, grapes, and 
nuts will produce reliably under the severe climatic conditions of this 
area. 

b-1-5-11—Fruit breeding for the Southern Great Plains region. 
To originate fruits, especi: ally grapes, better adapted to the conditions 
of this area than varieties now available. 

b-1-5-12—Chlorosis treatment for fruits in the Southern Great 
Plains region. ‘To find methods of growing grapes on the alkaline 
soils common in this area. 

b-1-5-14—The effect of soil, site, and climate on survival and 
growth of fruits in the farmstead plantings in the Southern Great 
‘lains region. Information obtained from cooperative farm plant- 
ings made by the owners. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Work under this general project was started about 1916 at the 
dry-land investigation field stations at Mandan, N. Dak. (Northern 
Great Plains), and Woodward, Okla. (Southern Great Plains). In 
1929 investigations for the Central Great Plains were started at the 
horticultural field station at Cheyenne, Wyo. In 1946 the work 
for all three areas was consolidated into the present work project. 
During World War II much of the work was suspended or placed 
on a bare maintenance basis. 


D. FUNDS--ANNUAL EXPENDITURES 


From 1935 to 1945 funds for the fruit investigations at Cheyenne 
averaged about $12,500 per annum. After merger of the work at the 
three stations the total for all was about $34,000 in 1946 and 1947, 
$26,680 in 1948, $28,450 in 1949, and $29,530 in 1950. Before the 
merger the expenditure for this work at Mandan and Woodward was 
about $6,000 annually at each place. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Promising selections of new types of grapes, raspberries, straw- 
berries, currants, gooseberries, plums, apricots, peaches, apples, crab- 
apples, and cherries have been obtained in the various breeding 
programs, and have been propagated for further testing with a view 
to introduction. 

Recommendations of adapted fruits for each section have been 
available to guide farmers in their selection of planting material for 
home and commercial purposes. 

Four varieties of extremely winter-hardy, June-be caring strawberries 
have been originated and released for production. They are widely 
grown in the Central Great Plains and are proving satisfactory. 
Early Cheyenne 1 is the earliest of these. It produces small, soft, 
aromatic berries but is fully winter hardy in the Central Plains. 
Cheyenne 2 is 10 days later than Early Cheyenne 1, larger with 
excellent flavor, and completely winter hardy in the High Plains. 
Cheyenne 3 is 10 days later than Cheyenne 2, high- flavored, and 
though hardier than common varieties, it is not so hardy as the above 
two. Sioux is medium-sized, high- flavored. and hardy in Wyoming 
and Nebraska. 

Large collections of various kinds of hardy fruits have been brought 
together from all parts of the world, their adaptation and general use- 
fulness determined, and the most promising ones further tested under 
farm conditions in the various regions of the Great Plains. 

Methods of fruit culture suitable for use under conditions in the 
Great Plains have been developed and the information made available 
to growers. 


F. SOME ADDITIONAL WORK NEEDED 


Extensive testing of new selections from breeding work, by coopera- 
tors on farms and at experiment stations in the region. 

Tests of 49 collections of wild raspberries for winter hardiness, and 
of varieties that bear on current-year wood for earliness and other 
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desirable characters. The most promising will be used in further 
hybridizing. 

Winter-hardy strawberry varieties needed.—Though four relatively 
winter-hardy strawberry varieties have been introduced that enable 
gardeners to produce this fruit through a part of the Great Plains 
area, not heretofore possible, the four varieties are relatively small, 
soft, and unproductive as compared with the best commercial varieties 
and are restricted in their adaptation. Varieties should be bred for 
Sastern States to eliminate the cost and need for mulching for winter 
protection. 

Propagation and testing of Nanking cherry selections and of the 
superior red currant selections. 


Quauity EvaLuatTion or Fruits 
(BPISAE b-—1-—7—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine (1) the relative merits or lack of merit of the numer- 
ous commercial varieties and of certain breeding lines of different fruit 
crops for processing by different methods, and (2) the variations in 
vitamin content of fruits in relation to variety, stage of maturity, 
storage methods of handling, method of processing, light intensity 
and duration, temperature, and other factors. Current emphasis is on 
evaluation tests. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-7-1—Vitamin content of fruit varieties and strains to deter- 
mine nutritional value. To test vitamin content of different varieties 
and of selections from breeding work. 

b-1-7-2—Evaluation of fruit varieties for processing, especially for 
freezing and canning. ‘To test the different varieties ‘and selections 
from breeding for their value for freezing and canning and to deter- 
mine the best methods and time for freezing and canning. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The vitamin studies were formally started in 1943 and so far surveys 
have been made of the vitamin content of varieties of apple, peach, 
strawberry, and blueberry. Such surveys have given our research 
workers a basis of evaluating different varieties for use in breeding 
work and to determine whether breeding work would be useful for 
high vitamin C content. Though extensive work on evaluation of 
fruit for processing has been ¢ arried on through the years, in par- 
ticular on strawberries, grapes, peaches, and apples, systematic work 
on evaluation of fruits was reestablished in 1947, beginning with a 
survey of the usefulness of apple varieties for freezing. 


D. FUNDS—ANNUAL EXPENDITURES 
The annual expenditures for this work and the vitamin work on 


vegetables have been between $13,890 in 1945 and $14,970 for 1950; 
that for fruits is estimated to average $1,000 per year. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Vitamin content of strawberries.—It has been found that the vita- 
min C content of the strawberry averages about 60 units per 100 milli- 
grams for the country as a whole and that some varieties or selections 
may have twice this amount and some only about half as much. Be- 

cause of this high vitamin content, strawberries can now be recom- 
‘dbinden as one of the sources of vitamin C for general use and for 
specific use by physicians and hospitals. Some studies have been made 
of the effect of shade and temperature on vitamin C content. 

Evaluation of apple varieties for freezing during the postharvest 
period.—A preliminary survey of the value of the leading apple va- 
rieties (19 varieties) which make up 90 percent of the crop of the 
United States, was begun in 1947. Flavor, susceptibility to dis- 
coloration, and susceptibility to mushing of each variety after freezing 
have been followed over the entire storage life of each variety. All 
varieties require some degree of corrective treatment to control dis- 
coloration and disintegration at some stage of their storage life. 
This study determined the extent of that need. This was followed by 
a study of antioxidents and firming agents in a wide range of con- 
centrations over the storage life of each variety. The amount and 
method of application to give optimum preservation of color and 
flavor have been determined. 


F. SOME ADDITIONAL WORK NEEDED 


Testing breeding material for high vitamin C content of straw- 
berry.—Because fully twice the vitamin content of the average has 
been found in some selections it has seemed desirable to start breeding 
for high vitamin C content of the strawberry, a fruit which can be 
grown throughout the entire United States and which will furnish 

fresh source of this essential food material early in the summer 
season as well as in a processed condition throughout the year. 
Analyses of seedlings and selections need to be made to determine the 
mode of inheritance of this quality to assist breeders in this work. 

Vitamin content of blueberry—Some analyses of the vitamin con- 
tent of this fruit have been made. The analyses indicate that blue- 
berries have about the vitamin C content of tomatoes. However, 
analyses of some samples from New Jersey in 1949 showed only traces 
of vitamin C. Surveys of species, varieties, and selections as well 
as conditions affecting vitamin C should be made to complete this 
work. 

Conditions affecting vitamin C content.—It has been proved that 
the vitamin C content of the strawberry is affected by shade. How- 
ever, the content of the same variety under different conditions has 
shown differences of as much as 100 percent. Additional work on the 
effect of temperature and the quality, duration, and intensity of light 
is needed to determine further the conditions affecting vitamin C. 

Studies of the effects of the varying climatic conditions in different 
regions where the varieties are grown on their processing qualities.— 
It is known that a variety highly suitable for canning or freezing in 
one region may not be as suitable in another. A survey of the reasons 
for this as it affects the le: iding varieties is needed. 
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Studies of the value of new varieties and selections for processing — 
Studies on present varieties show great differences in their processing 
value at different stages of ripening after harvest. Because of this, 
new varieties need to be tested to determine their usefulness and the 
best stage of ripening for processing. 


INVESTIGATIONS OF INSECTS AND Virus DisEaAses or PEACH 
(BEPQ—I-b-5—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to determine the species of insects that 
may be responsible for the transmission of peach mosiac, a destructive 
virus disease of peach in the Southwestern States, and additional in- 

sects that may be involved in the transmission of phony peach, a virus 

disease responsible for the loss of thousands of peach trees each ye 
in the Southeastern States. Current work relates to (1) the dev dap: 
ment of information on the biology and habits of the leafhoppers 
that carry the phony peach virus, (: 2) the determination of the incu- 
bation period of the virus in the leafhoppers, (3) the duration of their 
ability to transmit the disease after they have become infective, and 
(4) the development of other essential information on virus trans- 
mission. ‘This information is basic to the development of measures for 
controlling the leafhoppers that will augment the present method of 
preventing spread of phony peach by destroying all trees that develop 
symptoms of the disease. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I~b-5—1-—-Survey of insects in and near peach orchards in areas 
where phony peach, peach mosaic, and other stone-fruit viruses occur. 
To provide information on the insects most likely to transmit phony 
peach, peach mosaic, and other stone-fruit virus diseases, as a basis 
for insect transmission studies, and to provide essential information on 
the host relationships, seasonal habits, and to study the distribution 
of the leafhopper carriers of phony peach virus. 

[-b-5-2—Transmission studies with insects suspected of being vec- 
tors of phony peach disease. To carry on experiments to determine 
whether insects other than those already incriminated may also be 
partis lly responsible for natural spread of phony peach virus disease, 
as a basis for the development of fully effective practical methods of 
preventing natural spread. 

I-b-5-3—Transmission studies with insects suspected of being vec- 
tors of the peach mosaic virus. To determine the insects responsible 
for the transmission of peach mosaic virus as a basis for the develop- 
ment of methods of preventing natural spread of this disease. 

I-b-5-5—Field studies to determine the time of year natural spread 
of phony peach disease occurs as a basis for more effective application 
of control measures. 

[~b-5-6—Field studies to determine the time of year natural spread 
of peach mosaic disease occurs, as a basis for more effective applica- 
tion of control measures. 

I-b-5-7—Field tests of insecticides as a method of preventing or 
limiting natural spread of phony peach virus disease. To explore the 
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possibilities of retarding or limiting the natural spread of phony 
peach disease through the use of insecticides that are effective against 
the leafhoppers which are responsible for natural spread and against 
other insects that may be involved. 

I-b-5-8—Field tests of insecticides as a method of preventing or 
limiting natural spread of peach mosaic. To explore the possibilities 
of retarding or limiting the natural spread of peach mosaic disease 
through the use of insecticides that are generally effective against 
types of insects suspected of being responsible for natural spread. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Phony peach is an exceedingly serious virus disease of peach which 
was first observed in Georgia more than 50 years ago. By 1929 it had 
taken a toll of over a million peach trees, and occurred from Texas and 
Arkansas to Georgia and the Carolinas. The Department of Agri- 
culture, in cooperation with the States involved, started a diseased 
tree removal program in 1929. This program apparently eradicated 
phony peach in some areas and controlled it exceedingly well in others. 
In areas of rapid spread in Alabama and Georgia, however, thousands 
of peach trees continue to contract the disease each year. It became 
increasingly evident that the yearly tree losses might never be appre- 
ciably reduced until the insect carriers were discovered and controlled. 
Studies to determine the insect carriers of phony peach and develop 
control measures for them were started in the Southeastern States in 
1936. These have been pursued by Department entomologists con- 
tinually since that time. With the identification in 1948 of four species 
of leafhoppers as carriers of phony peach disease, work on the life 
histories of these species and the development of control measures for 
them has been started. 

Peach mosaic, another destructive virus disease, was first found in 
Texas and Colorado in 1931. By 1935, it had become a serious problem 
in several of the Southwestern States. At the present time, it is 
responsible for the loss of several thousands of peach trees each year 
even though it is the object of an intensive control program. Studies 
to determine the insect carriers of peach mosaic virus have been car- 
ried on in California since 1937. Supplementary work was conducted 
at a substation in Texas for a few years prior to the beginning of 
World War II. 


D. FUNDS—-ANNUAL EXPENDITURES 


The amount expended in 1936, when work on the phony peach insect 
carriers was started, was approximately $8,000. From 1937 to 1949 
annual expenditures have ranged from about $16,000 to $23,000 with 
an average of approximately $20,000. The allocation for 1950 was 
about $29,000. The expenditures are about equally divided between 
the phony peach and peach mosaic projects. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Leafhopper carriers of phony peach virus discovered.—After more 
than a thousand transmission experiments with a variety of insects 
suspected of being carriers of the virus, definite proof was obtained in 
1948 that four species of leafhoppers are able to spread phony peach. 
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This discovery has great significance because it offers a new approach 
to the control of phony peach. If investigations now under way to 
develop methods for destroying the leafhopper carriers are successful, 
the staggering tree losses sustained by many peach growers each year 
may be eliminated or greatly reduced. A knowledge of the carriers, 
their habits, and host relationships may also benefit peach growers in 
areas where phony peach does not occur by permitting greater effec- 
tiveness in the application of regulatory procedures to prevent the 
further spread of the disease. 

Time of year natural spread of peach mosaic occurs determined.— 
It was found in experiments conducted by entomologists and plant 
pathologists that peach mosaic spreads throughout the growing season 
but mostly during a period in the spring. This knowledge is impor- 
tant to the peach mosaic control program, and may result in a more 
effective application of inspection and tree removal control procedures, 
with subsequent benefits to the growers. 

Insect surveys in peach orchards led to solution of phony peach 
problem.—Insect surveys were made in many peach orchards in the 
western and southern parts of the United States to provide a basis 
for insect transmission studies. Hundreds of species were collected 
and classified. The information gained through this survey led di- 
rectly to the solution of the phony peach insect carrier problem, and 
contributed to the discovery of an insect carrier of another destructive 
virus affecting peach in the Pacific Northwest. 


F, SOME ADDITIONAL WORK NEEDED 


Studies needed to develop adequate information on the life history, 
habits, and host relationships of the leafhopper carriers of phony peach 
virus.—There is available relatively little biological information on 
the four leafhopper carriers of phony peach. Biological information 
is essential as a basis for the development of effective control measures 
for these leafhoppers that may be used in oflicial control programs or 
by commercial growers. 

Need for virus-free leafhoppers for experimental purposes and for 
additional information on the factors which affect phony peach trans- 
mission.—The leafhopper carriers of phony peach have been found 
difficult to rear with ordinary methods, and adequate numbers cannot 
be collected in nature. Virus-free leafhoppers are needed for experi- 
ments to determine the incubation periods of the virus in the leaf- 
hoppers, how long a leafhopper is able to transmit phony peach after 
acquiring the virus, additional hosts of phony peach, and other factors 
which may have a bearing on phony peach transmission. 

Investigations needed to determine methods for controlling the leaf- 
hopper carriers of phony peach-—Available insecticides should be 
evaluated for leafhopper control in the laboratory and in large-scale 
field tests to determine if practical control of the disease can be accom- 
plished by reducing the numbers of insect carriers. 

More studies necessary to determine insects that spread peach 
mosaic.—Although more than 6,000 transmission tests with many dif- 
ferent kinds of insects have been made, the manner in which peach 
mosaic spreads remains a perplexing problem. Since the need to find 
the insect carriers of peach mosaic is as urgent as ever, this activity 
should be continued in all the regions where it is important. 
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INTRODUCTION AND EvALUATION oF FrRuIT AND VEGETABLE CROPS 


(BPISAE—b—11-1—Federal—Regular Funds) 





A. PURPOSE AND NATURE OF CURRENT WORK 


To bring into the United States, its Territories and possessions fruit 
and vegetable seeds and other plant material for evaluation either as 
new crops or for use in breeding programs to increase quality, produc- 
tiveness, and resistance to disease. This work involves the interna- 
tional exchange of living plant material with all parts of the world 
and direct exploration in foreign areas when our needs cannot be 
obtained through cor respondence ; the sanitary precautions and prop- 
agation in qué :rantine ot foreign plant materials to insure the preven- 
tion of introducing new diseases; the preliminary evaluation of intro- 
duced material to ascertain its potential value as a new crop or for 
current breeding programs; its placement with plant investigators 
best able to utilize its potentialities, and the maintenance of valuable 
breeding stocks for future plant programs. This project is closely 
related to projects b-11- ~2 (ch. 38, p. 2579) and b-11-3 (ch. 18, p. 1459), 
the three projects covering plant introduction work for all crop 
categories under investigation in the Department of Agriculture and 
State experiment stations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-11-1-1—Foreign placement of experimental stocks of fruits and 
vegetables. To supply foreign agricultural experiment stations with 
experimental quantities of budwood and seed of fruits and vegetables 
from germ-plasm collections in the United States. This covers a 
phase of plant introduction which brings to us valuable stocks in inter- 
national exchange. 

b-11-1-2—The introduction, sanitary inspection, and inventory of 
fruit and vegetable crops. To introduce livi ing material of fruits and 
vegetables and their wild relatives from all “parts of the world by 
exploration, exchange, or purchase; to process all introductions 
through sanitary inspection and quarantine if necessary; and keep 
permanent inventory records. 

b-11-1-3—Preliminary evaluation, maintenance, and domestic 
placement of fruits and vegetables. To test fruits and vegetables so 
as to determine their potentialities either directly as crops or as par- 
ents for breeding programs; to maintain the valuable kinds in collec- 
tions for future use; and to make available to experiment stations, 
institutions, and nurseries selected introductions for further test or 
distribution to the public. This line project covers all material not 
currently receiving special handling under work project. 

b-11-1-4— Introduction, evaluation, and placement of hardy apple 
interstocks. To introduce and search for the hardiest of apple vari- 
eties for use as main tree axes for orchards in the coldest parts of the 
United States where injury to trunks is serious. 

b-11-1-5—Introduction, evaluation, and development of cider 
apples for the United States. To introduce and evaluate for astrin- 
gency European cider varieties for breeding stock to produce domestic 

varieties especially adapted for apple juice ‘and cider. 
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b-11-1-6—Introduction, evaluation, and placement of Mazzard and 
Mahaleb cherry rootstocks. To introduce and test variations of these 
two species commonly used as rootstocks in the hope of finding types 
which breed true and are more vigorous, as well as more resistant to 
leaf-spot disease, than those now being used by commercial growers. 

b-11-1-7—Introduction, preliminary evaluation, and development 
of the pistachio nut. To introduce species and varieties of pistachio 
nut to determine the best strains for use as rootstocks, pollenizers, 
ornamentals, and nut producers in an attempt to establish this nut crop 
in northern California and adjacent areas. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The introduction of plant materials from foreign countries was 
probably one of the first agricultural activities of the Federal Govern- 
ment. As early as 1819 a circular from the Secretary of the Treasury 
went to all representatives of the consular service, urging the sending 
home of important plant materials discovered in foreign countries. In 
1839 an appropriation of $1,000 was granted by Congress initiating 
work on the collection and dissemination of agricultural seeds and 
plants then carried out by the Commissioner of Patents. Much that 
was introduced in those early days received inadequate trials in areas 
poorly adapted totheir development. In order to go about the intelli- 
gent introduction of foreign plant materials and give them appropriate 
tests, a unit was established in the Department of Agriculture in 1898, 
which marks the beginning of this work project. In 1904, plant 
introduction gardens were first established to test the materials brought 
in. Although seven of these were once in operation, four such Fed- 
eral stations remain today in California, Florida, Georgia, and Mary- 
land where at any one time may be found about 25,000 introductions 
under test and propagation. For many years material was widely 
distributed to cooperators under an Exper imenter’s Service, the intro- 
ductions furnished gratis, and reports expected on their behavior. It 
was found that private growers contributed very little, either in the 
way of reports or in the establishment of new materials, and the list 
in later years was greatly curtailed, coming to a complete stop in 
World War II. The placement of new introductions is now carried 
out with experiment stations, a few responsible nurserymen, and 
specialists from whom reports on test may reasonably be expected. 
Since 1898, about 190,000 introductions have _been brought in of all 
types of crop material and of these about 75,000 were fruits and 
vegetables. Although entirely new potential crops are now rarely 
discovered, the need for breeding material to keep our stocks increas- 
ingly healthy and productive remains great. 


D. FUNDS—-ANNUAL EXPENDITURES 


Except for certain years when foreign explorations caused abnormal 
expense, the history of appropriations for this work shows a gradual 
increment reflecting higher costs of operations and increased demands 
for material as : agricultur: al research has developed. In 1898, funds 
available were about $8,000. From 1898 to 1920 the costs had increased 
to about $40,000. By 1930 the annual cost reached a high of $90,000, 
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and since then has gradually leveled off to approximately $60,000 per 
year at the present time (1950). 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 





Introduction and establishment of date industry in the United 
States —Scattered plantings of date palms were known since early 
Spanish colonial days in southern California, but the coastal climate 
and inferior seedlings caused little interest until about 1850 when 
seedlings were planted in the hot interior valleys of California and 
Arizona. In 1900 and the years immediately following, exploration 
for dates was made in Algeria, Tunisia, Egypt, and Mesopotamia 
which yielded the select varieties commercially grown today in Cali- 
fornia and Arizona. This slow-growing crop has nowhere near 
reached its developmental peak. In 1929 its farm value was $193,000; 
in 1948 this value had jumped to $1,839,000. Over half the acreage 
planted in Arizona is not yet bearing. Production of dates in the 
United States in 1944 was 18,000,000 pounds, and during that same 
period we imported 50,000,000 pounds, which indicates possibilities for 
crop development based on demand. 

Introduction and development of the blueberry industry.—The blue- 
berry is one of the few fruit crops we grow which originated from 
plants growing wild in the United States. The exploration in the 
eastern United States for good wild types and the preliminary testing 
and early breeding work necessary to develop this wild plant into a 
domesticated crop was done under funds of this project. A conserva- 
tive figure on the cost of the preliminary introduction and testin 
phases of blueberry work is $153,000. This may be compared with 
the $2,000,000 estimated value of the crop in 1944. 

Plant introductions are basis of avocado industry.—Avocados were 
known as dooryard trees in Florida and California since early colo- 
nization by Spaniards, who brought them from tropical America where 
they are native. As people acquired a taste for avocados, plantings 
were increased and fruit imported. In 1905 no domestic fruit reached 
the market, but there was considerable interest in the potentialities of 
the crop for Florida and California. Intensive exploration for out- 
standing types of avocados was carried out in the West Indies, the 
northern Andes of South America, and in the mountains of Central 
America. Selections made from these introductions are now the basis 
of our commercial industry. By 1929, the farm value of the avocado 
crop was $323,000; in 1940, it was worth $1,648,000; and in 1948, the 
value had increased to $5,563,000. The total cost of exploration and 
testing can be estimated at $120,000. 

New rootstock for English walnuts found in Asia—The English 
walnut is a $24,000,000 crop in California and any improvement, how- 
ever small in its condition of growth and production, will give a con- 
siderable annual dividend. The native western black walnut has been 
the customary rootstock upon which all English walnuts are grafted. 
This rootstock is subject to eel-worm damage and has other growth 
draw-backs which have given the growers considerable dissatisfac- 
tion. After 10 years of test at the Chico, Calif., introduction garden, 
a new Asiatic walnut relative has shown itself more resistant to eel- 
worm damage as well as being a more vigorous rootstock for English 
walnuts, 
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Thrips-resistant wild onion ae Persia helps Tewas onion in- 
dustry.—Losses to the onion industry have been heavy in Texas, due 
to depradations of the insect called onion thrips which crawls and 
increases between the loose scales where bulb and stem meet, causing 
severe damage. A wild onion with very tight scales, introduced from 
Persia aived this problem when used as a parent in breeding with our 
commercial onion varieties. 

Other miscellaneous accomplishments.—Resistance to the stem-rot 
disease of sweetpotatoes was found in a sweetpotato introduction from 
Tinian Island in the Pacific. Resistance to spinach blight, which 
hit the development of that crop in its infancy, was found in a wild 
spinach from Manchuria. A wild cantaloupe, picked up by a plant 
explorer in India, when used as a parent in breeding, saved the melon 
industry in California in the 1930’s badly hit by the downy mildew 
disease. Resistance to anthracnose disease came with a watermelon 
introduction from southern Africa. The new variety “Congo,” re- 
leased in the southeastern United States, is a development from this 
introduction. These and numerous other introductions of fruits and 
vegetables have made it possible for breeders to develop new varieties 
worth many millions of doilars to the growers of the United States. 


F. SOME ADDITIONAL WORK NEEDED 


Lettuce.—A disease called lettuce yellows has badly crippled the 
lettuce-growing industry in the Northeastern States, one of the three 
large areas of lettuce production. Wild lettuce relatives from all 
parts of the world are being introduced and examined for resistance 
to this disease. So far, resistance has been found but in types which 
will not cross with our cultivated strains. The search needs to be 
continued until a usable source of resistance or a remedy is found. 

Beans and peas.—When one notes the very high annual production 
of these two leguminous crops in the United States, the finding of 
resistance to their worst diseases becomes a problem of serious sig- 
nificance. In 1947 green lima beans alone were worth :‘ 3 million 
dollars; snap beans, 24 million; soybeans, 612 million; and green peas, 
{7 million. Success already obtained through plant introduction pro- 
grams indicates that there is need for a concentrated effort to tap the 
world centers of variability in the Near East and Ethiopia to bring 
in the valuable material that may exist there. 

A pples.—Greater cold hardiness to withstand the winters of the 
northern Great Plains and northern New England is needed. One 
phase of this problem is currently receiving attention under b-11-1-4 
(ch. 13, p. 1128) by use of cold-resisting interstocks. Search for low 
dormane y requirements is also being made in an attempt to extend 
successful apple culture southward in the United States. 

Peaches.—I\ntroductions from Asia indicate the possibility of obtain- 
ing peach rootstocks with resistance to eel-worm for those areas 
badly infested with this disease. This work should be expanded. 
Late-blooming types to lower the danger of fruit destruction from 

early frosts is another problem of great importance that might be 
partially solved by the plant introductions from foreign sources. 

Cherries—The search for a more vigorous and disease-resistant 
stock among the Mazzard and Mahaleb varieties needs to be continued. 

Citrus—Citrus relatives are being introduced in search for a root- 
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stock as good as sour orange to replace this variety which, when used 
with sweet orange, is susceptible to the very serious Tristeza disease 
now seriously ravaging citrus groves in South America. This is an 
attempt to forestall this disease » should it invade our domestic groves 
and should be continued until all world varieties or types have been 
introduced and tested, 

Mangoes.—Many delicious tropical fruits that could be grown in 
the warmer parts of the United States are unknown in our markets 
because of the difficulties of quick transportation. Air transport 
has considerably changed this situation. Mangoes are now being 
planted in extensive acreage based on material “introduced through 
the years and held at the Coconut Grove, Fla. .» introduction garden. 
To implement this development, the hundreds of Asiatic species and 

varieties should now be brought in to test for sturdy types to resist 
hurricanes and to increase quality and production. 

LIychee—This is another Asiatic fruit now just developing in 
Florida and California. Current “on-the-tree” prices are $1 a pound 
with demand far greater than production. All plantings now being 
made are of one variety, with many more probably better kinds to be 
obtained in Asia. 





CROSS REFERENCES 
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For additional information especially pertinent to the subjects 
reported on in this chapter see also: 


BEPQ—c-c-1, Chapter 35, Mexican fruitfly control. 

BEPQ—c-g-1, Chapter 35, phony peach and peach mosaic. 

BEPQ—c-g-2, Chapter 35, phony peach and peach mosaic. 

BEPQ—I-a-2, Chapter 12, fruitfly investigations in Mexico. 

BEPQ—I-a-3, Chapter 12, fruitfly investigations in the Canal Zone. 

BEPQ—I-b-10, Chapter 31, Japanese beetles. 

BEPQ—I-c-8, Chapter 31, white-fringed beetle investigations. 

BEPQ—I-g-1, Chapter 38, bee diseases and poisoning. 

BEPQ—I-g-2, Chapter 38, bee management. 

BEPQ—I-¢-3, Chapter 38, insect pollination (bees). 

BEPQ—I-k-1, Chapter 31, natural enemies of insect pests and weeds. 

BEPQ—I-m-3, Chapter 31, insecticide residues. 

BEPQ—I-»-5, Chapter 31, effect of insecticides on parasites and predators. 

BEPQ—I-0-1, Chapter 12, oriental fruitfly, biology and ecology. 

BEPQ—I-o0-2, Chapter 12, oriental fruitfly, biological control. 

BEPQ—I-0-3, Chapter 12, oriental fruitfly ‘chemical control. 

BEPQ—I-—-4, Chapter 12, oriental fruitfly area control. 

BEPQ—I-0-—5, Chapter 12, oriental fruitfly commodity treatments. 

BEPQ—I-o-6, Chapter 12, oriental fruitfly physiology. 

BEPQ—Chapter 14, emergency surveys of insect pests injurious to vegetables 
and fruit crops, and their control requirements. 
BEPQ, Chapter 35, gypsy and brown-tail moths control. 

BEPQ, Chapter 35, Hall scale control. 

BEPQ, Chapter 35, white-fringed beetle control. 

BEPQ—BAI—BDI—BPISAE—BAIC—RM: b-72, Chapter 31, toxicological ef- 
fects of insecticides, fungicides, and herbicides on soils, plants, and animals. 

BEPQ—RM: b-264, Chapter 12, fruitfly natural enemies importation and estab- 
lishment. 

BEPQ—I-b-11, Chapter 31, European chafer. 

BPISAE—a-1-8, Chapter 31, weed-control methods. 

BPISAE—e-—1-1, Chapter 30, pest and plant-disease control machinery. 

BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAE—c-1-2, Chapter 21, disease-resistant chestnut trees. 

BPISAE—q-2-2, Chapter 38, plant disease survey. 

BPISAE—RM: b—48, Chapter 31, research on nematodes. 

BPISAE—RM: b-57, Chapter 31, methods and equipment for weed control. 
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BPISAE—RM: b-68, Chapter 30, equipment and formulations, insecticides and 
fungicides. 

BPISAE—OES—RM : b—111, Chapter 38, introduction and testing of new plants, 
ete. 


BPISAE—RM : b-532, Chapter 38, agricultural chemicals on insect pollination. 
OES—b-1-11, Chapter 31, control insect pests and diseases. 


B. UTILIZATION 
UtimnizATIon INVESTIGATIONS ON FRuITS OF THE WESTERN AREA ! 
(BAIC—RRL-3-11—Federal-State—Regular Funds) 


(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To effect greater and more efficient utilization of fruits through 
improvement in quality of present products, and reduction in costs 
involved in getting the fruit from the producer to the consumer. The 
work consists of | technological and engineering investigations on 
canning, dehydrating, and freezing methods of fruit preservation. 
Convenience to the user, as well as high initial quality and long shelf 
life, is given special attention in the development of products. Tech- 
nological investigations are concerned with all steps involved in fruit 
preservation, from selection of the raw material to packaging and 
storage of the finished product. Engineering investigations include 
development of equipment, pilot plant investigations on processes 
developed by the Bureau, and analysis of processing and product 
costs. More profitable and efficient use of fruits is also being sought 
through utilization of cull fruits and processing wastes (e. g., cores, 
peels, ¢ or pits) for making useful industrial chemicals or protein- and 
vitamin-rich animal feeds. In addition, fundamental physical, chem- 
ical, and microbiological studies on fruits or their chemical constitu- 
ents are under way to provide basic information for more rapid and 
effective solution of existing and future problems. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL-3-(11)—F P-1—Chemical and physical changes 
in fruit and fruit products during processing and storage 

RRL-3-(11)-FP-1-1—The role of moisture in the preservation of 
fruit products. To obtain fundamental information on moisture in 
fruit products for the purpose of eliminating the caking of fruit 
powders, for design of dehydration equipment, for selection of suit- 
able protective packaging materials and for standardization of the 
products. 

RRL-3-—(11)—FP-1-2—Deterioration in fruit and fruit products 
during processing and storage. To obtain accurate data on the con- 
stitution of fruits and to explain the chemical changes that occur dur- 
ing manufacture and storage of processed fruit in order to devise 

*A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department. 


Likewise, under secs. D and E, research projects are used as the basis for reporting 
expenditures in 1950, and outstanding accomplishments. 
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means of preventing or inhibiting undesirable changes such as loss of 
natural flavors, vitamins, or nutrients; also to prevent the formation 
of off-flavors and unattractive colors. 

RRL-3-(11)-FP-1-8—The effect on fruit of applied radiofre- 
quency or other electromagnetic energy. To determine whether high- 
frequency radio waves would be useful and advantageous in sterilizing 
or blanching fruits without imparting appreciable cooked or off-flavor 
to the products. 

Oe a ee microbiology of frozen citrus juices. 
To devise methods for detecting and evaluating microbial population 
in processed citrus juices, and to devise methods for the control of 
the contaminating organisms. 


Research project RRLI-3-(11)-F P-2—Frozen, canned, dehydrated, 
and other food products prepared from fruits 

RRL-—3—(11)—FP-2-1—The “dehydrofreezing” of apples, apricots, 
and peaches. To develop a new method of food preservation involv- 
ing partial dehydration to reduce weight and volume of fruit slices 
by one-half or more, followed by freezing preservation. Economics 
in freezing, packaging, storage, and transportation costs would be 
affected by this processing method. 

RRL-3-(11)-FP-2-2—Development of strawberry, blackberry, 
and raspberry powders. 'To develop commercially feasible procedures 
for the manufacture of high-quality strawberry, blackberry, and 
raspberry powders in order to open up new outlets and increase con- 
sumption for these highly perishable fruits. 

RRL-3-(11)-F P-2-3—The freezing preservation of apples, apri- 
cots, and peaches. To develop improved methods for the freezing 
preservation of apples, peaches, and apricots. Particular attention 
is being given to methods of preventing the undesirable darkening 
and flavor deterioration occurring when the cut surfaces of the fruit 
are exposed to air. 

RRL-3-—(11)-F P-2-4—Development of an improved method of 
pureeing, deaeration, flash heating (pasteurization), and slush freez- 
ing of fruit purees and juices preserved by freezing. To modify the 
preparation and prefreezing treatment of fruit purees and Juices 
(other than citrus) for the purpose of increasing yields, and, at the 
same time, to retain or improve the quality of the products. 

RRL-3-(11 \-FP-2-5-—Revelenanias of gelled fruit products from 
fresh or frozen juices, purees, and crushed fruits. To devise methods 
for the preparation of gelled fruit products without the use of heat 
in order to minimize deterioration of color and loss of flavor. 

RRL-3-(11)-FP-2-6—Development of low-moisture powders 
from commercially dried prunes, figs, and apricots. To develop com- 
mercially feasible procedures for the production of high-quality fruit 
powders of good storage characteristics from commercially dried 
prunes, figs, and apricots. Drying processes such as spray, drum, 
and tunnel drying are to be used and the processes compared on the 
basis of quality of products and economic feasibility, with the coop- 
eration of a trade association which furnishes raw material of known 
history and aids in evaluating products. 
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Research project RRL-3-(11)-F P-8—A ppraisal of utility and quality 
of fruit products 

RRL-3-(11)-FP-3-1—Methods of quality appraisal of fruit prod- 
ucts (service project). To develop and alain methods of determin- 
ing the quality of fruit products, in order to judge the effectiveness 
of various processing methods and the influence of differences in raw 
material quality. 

RRL-3-(11)—F P-3-2—Development of fruit products of commer- 
cial value from fruit concentrates and related products (service proj- 
ect). To devise commercially feasible procedures for utilization of 
fruit concentrates and other fruit products in formulated foods, such 
as ice creams, sherbets, puddings, cakes, and pies. 


Research project RRI-3-(11)—B-1—Industrial utilization of the 
carbohydrate constituents of fruits and their processing residues 

RRL-3-(11)-B-1-1—Isolation and characterization of pectic sub- 
stances. To develop pectic substances with specific properties and to 
evaluate their industrial and pharmacological usefulness. 

RRL-—3-—(11)—B-1-2—Development of industrial uses of pectic sub- 
stances. To develop pectinate films for protective coatings of food 
products, pectinate fibers for use in specialized fabrics, and to survey 
other methods for utilizing pectic substances. 

RRL-3-(11)—B—1-3—Isolation and characterization of sugars and 
related compounds in cull fruits and fruit processing residues. To 
provide a background of knowledge for evaluation of possible uses 
of these materials in the fermentation and other industries. 


Research project RRL-3—(11)—B-2—Industrial utilization of fruits 
or their processing residues through fermentation 

RRL-3- (11)—B-2-2—Laboratory development of processes for the 
production of protein- and vitamin-rich yeast from fruit wastes. To 
‘ arry out laboratory fermentation investigations essential to the engi- 
neering development of a process for the production of torula yeast 
from fruit wastes. 

RRL-3-(11)—B-2-3—Fermentation as a means of conversion of cull 
fruit and fruit processing byproducts into useful industrial products. 
To develop fermentation methods for the production of vitamins, 
flavors, antibiotics, or other useful substances from fruit molasses. 


Research project RRL-3-(11)-—B-3—Fruit byproduct recovery and 
utilization 

RRL-3-(11)-B-3-1—Investigations of the noncarbohydrate con- 
stituents of grapes and byproducts. To evaluate the usefulness of 
grapes as a source of a substance having the pharmacological proper- 
ties of Vitamin P. 

Research project RRL-3-(11)\-ED-6—Enginering and economic 
investigations in the industrial processing of fruits for food 
(partly a service project) 

RRL-3—(11)-ED-6-2—Design and development of improved 
equipment for use in preparing fruits for freezing or drying. To de- 
vise better, more efficient equipment for peeling, w ashing, blanching, 
cutting, and other operations preceding freezing or drying of fruits. 
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RRL-3-(11)-ED-64—Development of plant lay-outs, and equip- 
ment designs for fruit-freezing plants. To develop improved designs 
for fruit-freezing equipment, and effective freezing plant lay-outs. 

RRL-3-(11) -ED-6-6—Ev valuation of materials for equipment used 
for fruit dehydration and freezing. To evaluate materials for equip- 
ment used in the fruit dehydration and freezing industries, from the 
standpoints of freedom from undesirable effects on the food and of 
long life of the equipment. 

RRL-3-( 11)—-KD-6-10—Processing costs in the freezing of fruits. 
To alas the investment and operating costs in fruit- freezing plants 
of different types and sizes. 

RRL-3—(11)-ED-6-11—Engineering investigations of spray dry- 
ing. ‘To determine the engineering facts required for rational design 
and operation of spray driers. 

RRL-3-(11)-ED-6-12—Investigation of drying rates of fruits in 
piece form. ‘To determine drying ‘rates for fruits in piece form, and 
to put the data in such form that they can be used in the design of 
driers which will give optimum drying conditions. 

RRL-3-(11)—ED-6-13—Engineering investigations in the =. 
essing of fruits in the fluid form in preparation for drying or freez- 
ing. ‘To improve the effectiveness and reduce the cost of the pre- 
processing operations required to prepare fruits in fluid form for 
drying or freezing. 

RRL-3-(11)-ED- 6-14—Engineering investigations in the pre- 
processing of fruits in piece form in preparation for drying or freez- 
ing. To improve the effectiveness and reduce the cost of the preproc- 
essing operations required to prepare fruits in piece form for drying 
or freezing. 

RRL-3—(11)-ED-6—15—Investigation of cooling and freezing 

rates of fruit products in refrigerated air. ‘To ascertain cooling and 
freezing rates for fruit products using refrigerated air as the cooling 
medium, and to correlate these data into such forms as will be useful in 
the analysis of freezer performance, and the design of freezers for 
efficient production of high-quality products. 

RRL-3-—(11)—-ED-6- is—C ooling and freezing rates of packaged 
fruit products i in refrigerated liquids. To obtain basic data on the 
cooling and freezing rates of packaged fruit products in refrigerated 
liquids for use in the design and operation of freezers, and in the 
analysis of freezer performance. 

RRL-3-—(11)-ED-6-20—Cost estimates for fruit products in piece 
form (service project). To determine probable costs of processing 
fruits by methods currently under investigation in order to orient 
research in fruit processing. 

RRL-3-(11)—ED-6-21—Design and development of equipment for 
the bulk freezing of fruits in package shapes. To devise equipment 
for the bulk freezing of fruits in package shapes, as a means of simpli- 
fying the packaging operation and reducing packaging costs. 

RRL-3-( 11)—-ED-6-22—Cost estimates for fruit products in other 
than piece form (service project). To determine probable costs of 
processing fruits into fluid or comminuted forms in order to orient 
research in fruit processing. 
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Research project RRL-3-(11)-ED-7—Engineering and economic 
investigations in the recovery of byproducts from the industrial 
processing of fruits (partly a service project) 

RRL-3—(11)-ED-7-2—Engineering development of processes for 
the recovery of pectin from fruit wastes. ‘To reduce the cost of pectin 
by developing new and more efficient production methods for pectins 
with special characteristics. 

RRL-3-(11)—ED-7-4—Engineering development of processes for 
the rentction of yeasts from fruit wastes. ‘To develop practical 
plant procedures for the production of yeasts from fruit processing 
wastes. 

RRL-3-(11)—ED-7-6—Studies on the supply and distribution of 
fruit processing wastes in the western region. To develop a quanti- 
tative picture of the available fruit processing wastes to permit 
appraisal of raw material supplies for byproduct utilization. 

RRL-3-(11)—ED-7-7—Design and development of process equip- 
ment for industrial applic ations of pectic substances. ‘To devise proc- 
essing equipment for new industrial applications of pectic substances 
in order to assist prospective users in adapting the new methods to 
commercial conditions. 


Research project RRL-3-(11)—PA-4—C hemical analysis of fruit and 
derived products 

RRL-3-(11)-PA-4-1—Determination of the chemical composi- 
tion of fruit and derived products, and the development or adaptation 
of methods of analysis for these investigations (service project). To 
determine the composition of fruit and products derived therefrom 
and to develop new analytical chemical methods, techniques and 
apparatus where required. 

RRL-3-(11)—PA-4-2—The analysis of samples of fruit and derived 
products and the preparation of st: andard chemical solutions (service 
project). To make analyses for pectin, sugar, fiber, ash, oil, protein, 
moisture, calcium, magnesium, sodium, potassium, carbon, hydrogen, 
amino nitrogen, iron, fluorine, phosphorus, methoxyl, and other con- 
stituents. To prepare accurately standardized solutions and indica- 
tors for use throughout the laboratory. 


Re search project RRL , -~(11) a 1-5—. Y-ray, MiCTOSE Opic, elec- 
tronic , color, and other physical methods of te sting and analyz ing 
fruits and derived products 


RRL-3—(11)—PA-5-1—X-ray investigations of fruits and derived 
products. (Service project.) To determine by X-ray methods the 
structure and the relationship of structure to physical properties and 
uses of products derived from fruits. 

RRL-3-(11)—PA-5-2—Chemical-microscopic investigation of 
fruits and derived products. (Service project.) To determine the 
optical properties of materials derived from fruits in order to assist 
in identification of unknown substances and to determine the course of 
chemical reactions that occur when fruits are processed. 

RRL-3-(11)-PA-5-4—Characterization and analysis of fruits and 
derived products by electronic methods. To deve lop nondestructive 
electronic methods for the characterization and testing of constituents 
of fruits, and to determine the feasibility of heating by means of high 
frequency radio waves in processing fruits. 
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RRL-3-(11)—PA-5-5—Color as a criterion for evaluating the 
quality of fruits. To establish reliable methods for measuring the 
color of fruits and to determine to what extent surface color can be 
used as a measure of food deterioration. 
Research project RRL-3-(11)-PA-6—Physical chemical investiga- 
tions of fruit products and constituents 
RRL-3-(11)—PA-6-1—Spectrophotometric investigations of fruit 
products and constituents. (Service project.) To develop and apply 
spectrophotometric methods for the analysis, identification, and char- 
acterization of fruit constituents such as those of importance because 
of their medicinal, nutritional, or flavor properties. 
RRL-3-(11)—PA-6-3—Thermal investigations relating to the pre- 
servation of fruit products. To obtain thermal data of basic import- 
ance in the freezing preservation of fruits; to determine heat capaci- 
ties, heat transfer properties, and solubility properties of fruit con- 
stituents at freezing preservation temperatures. 






C. HISTORY AND EVOLUTION OF THIS WORK 





Early work of the Department in the field of fruit processing dates 
back to the nineteenth century. Emphasis was then on canning, and 
the work dealt principally with contamination by bacteria and fungi 
and with toxicity caused by metals and added preservatives. With 
the rapid growth of the fruit-processing industry, and especially of 
preservation by freezing, a host of new problems arose which could not 
be solved because of lack of adequate physical, chemical, biochemical, 
and engineering knowledge. ‘The Bureau undertook research on such 
problems, and to meet the specialized needs in certain areas in the 
United States, it established several field research stations and sup- 
ported additional research work at State agricultural experiment sta- 
tions. The work of the field stations contributed in a very significant 
measure to the development of the large frozen-fruit industry as it 
exists today. During World War II a pressing need arose for con- 
centrated fruit and vegetable pores for the Armed Forces. The 
Bureau made important contributions to this problem through tech- 
nological and engineering studies on food dehydration. Increasing 
production of fruits during the pre- and post-war periods and loss of 
many foreign export markets have led to seasonal surpluses. One of 
the efforts of the Bureau of Agricultural and Industrial Chemistry to 
meet this problem was to organize research work on new outlets for 
fruits in the form of new and improved food products and through 
industrial utilization of fruit byproducts. The present unsettled 
world conditions provide a further stimulus for this work, especially 
in the direction of making possible the stockpiling of fruits in a con- 
centrated form over long periods of time without the loss of the 
natural, pleasing flavor and the nutritive value of the fresh fruit. 


D. FUNDS 





ANNUAL EXPENDITURES 


Considerable work on fruit utilization was done by the Bureau in 
various laboratories prior to the establishment of the regional research 
laboratories in 1940. 

Annual expenditures between 1941 and 1949 under the fruit utiliza- 
tion project in the western area ranged from $116,000 to $441,000, 
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averaging about $324,000. The expenditure in 1950 was $442,000, 
which was apportioned among the various research projects as fol- 
lows: FP-1, Vs 300; FP-2, $98,400; FP-3, $22,000; B-1, $81,000; 
B-2, $10,000; B —3, $10, 000; ED-6, ¢: 37,000; ED-7 , $40,300; PA, 
$23,000; PA—5, $1! 9,000 ; ; PA-6, $24,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRI-3-(11)-FP-1 

The role of pectic enzymes in the fruit industry.—Pectic enzymes 
are the important substances which control (catalyze) chemical 
changes affecting pectin in living fruit and during processing and 
storage of fruits and fruit products. The chemical changes in the 
pectin influence in turn the texture of fruit, the clarity of fruit juices 
and the ease of preparing gels from the fruit. A clear understanding 
of the way in which these « enzymes function is, therefore, essential to 
the establishment of suce -essful processing procedures. 

Fundamental research in the Bureau has led to the identification 
of several such enzymes in various fruits, to the establishment of their 
mode of action (their interdependence), and to practical applications 
of these findings in the preservation of fruits. The research contrib- 
uted in a significant way to the improvement of procedures for the 
prevention of undesirable clearing (“stabilization of cloud”) of canned 
orange Juice, and for the prevention of gel formation in frozen con- 
centrates of citrus juice. The information was also used for the 
improvement of methods for clarification of apple and other fruit 
juices. The acquired knowledge became directly applicable to the 
solution of certain problems in ‘the processing of some vegetables, as 
in the preparation of tomato juice of desirable thickness and in pre- 
vention of softening of pickled cucumbers. Other applications will 
undoubtedly be developed from the foundation laid by this research. 
The results of these investigations are incorporated in three patents. 

Improved sanitation in manufacture of frozen orange juice has been 
achieved by studies of commercial processing procedures to locate 
potential sources of microbial contamination. ‘Through cooperation 
with the industry these sources have been greatly reduced. Analytical 
procedures developed for this work have been adopted by the National 
Committee on Microbiology of Citrus Products for future collaborative 
studies. This committee has representation from the important 
orange-growing areas in the United States. 

Development of a quick and simple test for adequacy of heat treat- 
ment of processed fruit slices —Heat treatment is used to prevent the 
(evelopment of brown discoloration in fruit slices on exposure to air. 
A test developed by the Bureau enables untrained factory personnel to 
determine whether the heat treatment has been long enough to prevent 
subsequent browning of the fruit. 

A rapid method has been developed for determination of vitamin 
('.—This method is useful in establishing processing procedures yield- 
ing Maximum retention of this important nutrient. The method, 
which is applicable to both fresh and processed fruits, is now used in 
the control laboratories of many food manufacturers. 

Contributions to the development of procedures for the manufacture 
of fruit powders.—Although dehydrated, powdered fruits are very 
desirable and economically attractive products for peacetime and, 
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especially, wartime uses, the development of a fruit-powder industry 
has been greatly retarded because of processing difficulties. Drying 
of fruit juices or pulps is made difficult by the formation of sticky, 
gummy, and unmanageable masses which adhere to the walls of the 
equipment. Preparation of powders on an experimental scale has 
shown that a further difficulty arises from their caking in storage 
containers. Several investigations carried on under this research 
project have contributed toa solution of these problems. 

(a) Reduction of stickiness of fruit powders through the use of 

various additives has been investigated. The work has led to the 
discovery of a substance that may make it possible to prepare 
certain fruit powders in commercially available spray-drying 
equipment, such as is used for dried milk or eggs. The use of this 
additive (a cellulose compound which is nontoxic, odorless, and 
tasteless) has been protected by a public-service patent. 

(b) A testing method to measure the stickiness of fruit powders 
has been developed. With this method it is now possible to deter- 
mine how the stickiness of different fruit powders is affected by 
temperature, humidity, moisture content, and other factors. De- 
sign and operation of drying equipment is dependent on such 
knowledge. 

(¢) Fundamental inw estigations on the causes of caking in fruit 
powders have shown that one of the causes is the liberation of 
water which occurs when fruit sugars are transformed from the 
glassy to the crystalline state. The exact conditions at the time 
that this transformation occurs have been established ; this infor- 
mation is of direct usefulness in defining packaging and storage 
requirements for the prevention of caking in fruit powders. 

Determination of moisture in dehydrated fruits —One of the im- 
portant requirements in specifications for dehydrated fruits is a defi- 
nite moisture content. The measurement of the amount of moisture 
has long been the subject of much controversy among food manufac- 
turers and procurement agencies, because the analytical methods em- 
ployed were not suffic iently standardized to assure agreement in results 
of different laboratories. A new and accurate analytical method for 
moisture, developed by the Bureau, should be helpful in avoiding such 
disagreements by serving as a calibration standard for the methods 
now used in the industry. The new method assumes a particular 
importance at this time when an increasing amount of dried fruit is 
being bought by the armed services on the basis of definite moisture 
specifications. 

Prevention of browning in frozen-fruit pureces requires a heat treat- 
ment to destroy the enzyme (polyphenolase), that is responsible for the 
discoloration. ‘The exact times and temperatures required for the 
enzyme destruction have been determined for apples, pears, apricots, 
grapes, and peaches, in response to numerous requests for this infor- 
mation from various fruit products manufacturers. The data obtained 
are essential for the design and operation of equipment for the manu- 
facture of stable (nondarkening) purees. 


Research project RRL-—3-(11)-FP-2 


Development of the frozen-fruit industry in the Northwest.— 
Through a research program responsive to the needs of a growing 
industry, the Department played a leading role in the isnot 
of the frozen-fruit industt ‘y. The conversion of surplus ripe fruit to 
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a stable, profitable article of commerce was expedited by timely an- 
swers to practical problems, such as the selection and handling of raw 
materials for the maintenance of the highest qualities in color, flavor, 
and texture; the use of additives to the fresh fruit to insure the 
ae of these qualities; the development of effective and econom- 

rally feasible methods for freezing oa holding in frozen storage; the 
identifi ation of bacterial contamination as a factor in the loss of 
quality and the need for rigid sanitation in all phases of fruit handling 
and the freezing operation ; and the selection and standardization of 
the containers so essential to good freezing and adequate product 
protection. 

Because of close cooperation with industry, findings of the Depart- 
ment laboratories have been translated rapidly into commercial prac- 
tice. The accumulation and distribution of results were expedited 
further by collaboration with State agricultural experiment stations, 
equipment development companies, and distributors. This teamwork 
has been largely responsible for the growth of the Northwest frozen- 
fruit industry from a meager beginning two decades ago to its present 
status as a multi-million-dollar enterprise. 

New fruit products from fruit purees—Formulas and processes of 
manufacture have been developed for Velva Fruit, a frozen fruit 
dessert, and for a fruit spread, both preserved by freezing. Since the 
fruit ingredients in these products are not heated above ordinary at- 
mospheric temperatures at any time during their preparation, distri- 
bution and serving, they retain the color, flavor, and to a very high 
degree, the nutritive value, of the fresh prime-ripe fruit. 

Velva Fruit has a soft, smooth texture similar to that of ice cream, 
yet its ingredients contain at least 60-percent fresh or frozen fruit. 
It has been demonstrated that strawberry Velva Fruit, for example, 
retains as much as 84 percent of the usually elusive Vitamin C present 
in the original fresh fruit. 

The fruit spreads, possessing a spreadibility comparable to that of 
the best jellies and jams, are made without the aid of heat and have the 
unique quality of retaining all of the flavor essences that are otherwise 
largely lost in a heat-processed product. A public-service patent has 
been granted to the Department on the basis of this discovery. 

Velva Fruit and the new fruit spreads are in process of evaluation 
by commercial organizations, and have been produced commercially in 
limited amounts. 

Elimination of mold-like growth in frozen-fruit gels —Formation 
of harmless, but unsightly and mold-like growths of sugar crystals in 
frozen gels was prevented by replacement of part of the dextrose sugar 
in the gel by invert-sugar sirup, and by storage of the gel in hermeti- 

rally ses ealed containers. ares also accomplishments for research pro- 
ject RRL-3—(11)-PA-—6 (ch. 13, p. 1138).) 

Treatment for prevention of browning in frozen apple slices.—In 
packing frozen apples it is necessary to provide suitable prefreezing 
treatment of the apple slices in order to prevent undesirable discolora- 
tion and off-flavor formation during freezing storage or while the 
product is being defrosted. Bureau scientists worked out a procedure 
for freezing apples, based on use of sulfites, which provides a practical 
solution to this problem. All of the necessary technical details of this 
procedure, including control methods, have been worked out, and ade- 
quate directions have been provided for plant operators. A large per- 
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centage of the frozen apples packed in the Western States is processed 
accor ding to this procedure. 

Treatment for improvement of texture of frozen apple slices —A 
treatment has been developed to overcome the softness and flabbiness 
of flesh found in ordinary frozen apples. The treatment involves im- 
pregnation of the raw slices with sugar sirup thr ough use of vacuum. 
Additives, such as ascorbic acid, are incorporated in the sirup for 
prevent ion of brow ning of the apple tissue. The treated slices are then 
frozen in the usual manner. Frozen “sirup-filled” apple slices are 
excellent for use in pies, since they retain their shape and their juices 
better than do ordinary frozen apple slices. When compared in 
baked form, the texture of “sirup-filled” apple slices is comparable 
to that of fresh apples. This procedure is being evaluated by com- 
mercial organizations. 

Dehydr ofr eezing.—Expenses of packaging, transportation, and stor- 
age are major portions of the cost of fruit products to the consumer. 
De hydration can reduce these costs considerably, but frequently the 
products are difficult to rehydrate or have suffered other quality losses. 
The desirability of reducing weight and volume without quality loss 
led to the development of a new processing method, called dehydro- 
freezing. The process combines partial dehydration with preservation 
by freezing in such a way as to achieve much of the weight and volume 
reduction att: ainable through dehydration, with the quality advantages 
und convenience of preparation of conventional frozen products. 
The process has given good results with apples, apricots, and prunes, 
and has been applied i in a preliminary way to peaches and red sour 
cherries. According to present estimates, dehydrofrozen apple slices 


would be competitive with pie-grade apple slices ee by canning 


or freezing, the slightly higher preparation cost being offset by lower 
packing and freezing costs. Savings in subsequent storage and trans- 
portation costs mi ake the process economically attractive. The most 
promising field of use so far indicated has been in pie fruit. Dehydro- 
frozen apple slices and halved apricots, prepared in pilot-plant-scale 
operations, have been tested in commercial bakeries and considered 
adaptable to bakery-pie preparation. In many respects, these products 
are regarded by bakers as superior to the processed apples and apricots 
they are now using. 

Many inquiries have been made by commercial fruit-processing 
concerns, and one major corporation. has plans for test-marketing de- 
hydro-frozen apple slices when equipment for full-scale production 
has been developed and tested. The market test would involve nearly 
1,000,000 pounds of apples. 

Present work on this project is concerned with the development and 
testing of large-scale equipment. A public-service patent has been 
granted to the Department of Agriculture on this new process. 

Study of losses occurring during processing of apples.—Losses of 
soluble solids from fruits during processing, particularly in dehydrat- 
ing, present a serious problem to the fruit-processing industry. It 
has been conservatively estimated by members of the industry that 
hundreds of thousands of dollars’ worth of fruit solids are lost annu- 
ally during processing. Such losses not only result in lower-quality 
products which must be sold to the consumer at a higher price, but also 
they increase the load on the already overtaxed waste-disposal sys- 
tems. A laboratory study simulating procedures used in apple process- 
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ing has been made in order to determine where these losses occur and 
the magnitude of the losses. For example, it was found that an im- 
mersion procedure commonly used in the canning of apple slices re- 
sults in the loss of almost half of the soluble solids during processing. 
The information obtained has been made available to the apple-pro- 
cessing industry together with recommendations on ways of reducing 
these processing losses. 

Preparation of single-strength and concentrated juices from fresh 
prunes.—Important contributions have been made toward the devel- 
opment of new products from prunes as a means of increasing per 
capita consumption and consumer acceptance of this fruit. At the 
suggestion of the California Prune Marketing Program Committee 
and the Washington State Fruit Commission, procedures suitable for 
the commercial preparation of single-strength and concentrated juices 
from fresh prunes have been developed. These new products, pre- 
pared from fresh fruit, differ from the conventional extract of dried 
prunes commercially marketed at the present time in that they are 
clear, with a pleasing wine color, and retain the characteristic flavor 
of fresh prunes. Results of a limited consumer-acceptance test of 
samples prepared by the process is being considered by prospective 
manufacturers. 

Development of new methods for preparing powders from dried 
figs and prunes.—Surpluses of prunes and figs have been particularly 
troublesome in the postwar years and have pointed out the desirability 
of more diversified uses for these products. New and less expensive 
procedures have been developed for preparing low-moisture fruit 
powders suitable for use in a variety of bakery products and breakfast 
foods. The smaller sizes of prunes and figs, which are of good quality 
but not readily marketed in regular commercial channels, are used 
in this process. The armed services have expressed great interest in 
these products and are at present evaluating them. 

Research project RRL-3—(11)-FP-3 

Evaluation of fruit products —Work under this project consists of 
service to Bureau units engaged in process and product development, 
and has contributed to accomplishments mentioned under other proj- 
ects listed in this report. As the decision to produce a new product is 
frequently based upon tests of eating quality, it is important that 
the tests be reliable. The work involves use of taste panels for de- 
termining differences in flavor, taste, and texture, etc., between 
samples of fruit products processed or stored in various ways. Prog- 
ress has been made in refining the testing methods to allow more 
accurate judgments. A significant contribution is the development 
of a superior lighting technique, employing pure (monochromatic) 
light to mask color differences between samples. Under this condition, 
judgments of flavor and texture can be made without prejudice 
caused by variations in color. This form of illumination is con- 
sidered a definite advance in the technique, of food-appraisal work, 
and it has been adopted by other institutions doing the same type of 
work. 

Research project RRI-—3—(11)-B-1 


An important approach to reduction in costs of fruit processing lies 
in the more efficient utilization of cull fruit and processing wastes. 
Recovery of valuable products from the waste pile is advantageous 
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also as a means of decreasing the mounting nuisance problem attached 
to the disposal of fruit-processing wastes. Pectin, the common jelly- 
ing agent from citrus peel and apple pomace, is a typical example of 
a valuable byproduct from waste. The demand for ordinary pectin 
is not large in proportion to the potential supply because of its cost 
and its limited applications in jams, jellies, and preserves. Develop- 
ment of modified forms of pectin is a promising means of extending 
uses for this byproduct. Work along this line has involved a basic 
study of pectin, the preparation of new pectic materials, and devel- 
opment of new uses for them. 

Fundamental studies of pectin—An extensive knowledge of the 
structure and chemical properties of pectin was required to facilitate 
the development of new pectic products. For example, its reaction 
with acid, alkali, and enzymes was:studied in detail to determine the 
best conditions for extraction of pectin from fruit wastes and for 
modification of pectin to more useful materials. This study, in con- 
junction with determination of molecular weight, acid behavior, 
and gel properties of pectin, established that a pectin chemically 
modified in alkaline solution to have a lowered content of methoxy] 
groups (3 to 3.5 percent) would have many characteristics desirable 
for a gelling agent in the food industry. Molecular weight and 
X-ray studies (see accomplishments under RRL-3~—(11)-PA-5 (Ch. 
13, p. 1137) ) showed that the brittleness of pectinate films and fibers 
can be explained by the tendency of pectinates to crystallize. This 
finding points the way for development of other modifications of 
pectin which will overcome this limitation and open new commercial 
possibilities. Fundamental studies have contributed in many impor- 
tant ways to the accomplishments which are described in the following 
sections. 

Preparation of an improved low-methoxryl pectin—A much wider 
usage of pectin would be possible if its properties could be altered 
to form films, fibers, and gels containing milk solids. Commercial 
low-methoxyl pectins available for such gels were variable in compo- 
sition, and had a methoxyl content higher than was indicated to be 
desirable by fundamental studies. Laboratory investigation proved 
that by use of alkali at low temperatures to remove the methoxyl 
groups from pectin, an improved low-methoxyl pectin could be made. 
A new and more economical method for preparing this new pectic 
product was developed. In this method, the pectin is isolated by 
precipitation with acid instead of with the commonly used alcohols, 
which require expensive equipment for their use. Both the alkaline 
treatment and the precipitation of low-methoxyl pectin by acid have 
been studied on a pilot-plant scale and have been shown to be eco- 
nomically feasible. (See accomplishments under RRL-3—(11)—ED-— 
7 (ch. 13, p. 1187).) 

Valuable new uses for the improved low-methoayl pectin —Some of 
the important applications found for low-methoxyl pectin are as 
follows: . 

An edible film and coating material—Many foods such as dried 
fruit, candied fruit, or salted nuts are difficult to handle because of 
their stickiness or greasiness. Low-methoxyl pectin can be used to 
coat such foods to eliminate these disadvantages, and the Quarter- 
master Corps has issued specifications for pectinate coatings on its 
emergency ration bars. Several companies are investigating the use 
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of pectinate coatings on dates, candied fruit, glaced pineapple and 
salted nuts. The fact that the coating can be used to apply dyes, 
flavors, preservatives, antioxidants, and vitamins, holds promise of 
new uses for low-methoxyl pectin. 

Low-sugar gels for food use.—A procedure for the preparation of a 
milk pudding containing low- cmethengl pectin has enn developed. 
Preparation of the pudding requires only the addition of water to 
the dry mix followed by a 3-minute stirring period. The convenience, 
palatability, and other desirable characteristics of the procedure have 
interested commercial concerns who are studying its possibilities. 

Pectinate fibers—aA procedure has been devised for producing a 
pectinate fiber which is soluble in dilute soda or phosphate solution. 
This fiber may find use as a scaffolding in weaving specialty fabrics. 

New gel te ster.—A new instrument to measure the characteristics of 
gels has been designed and developed. It is being examined by pro- 
ducers of pectin and jellies as a control instrument for the manufac- 
ture and standardization of these products. It is useful also for test- 
ing other food products, such as cake mixes, mayonnaises, oils ete. 

New analytical method for pectin.—Processors of foods and pectin 
manufacturers require a knowledge of the pectin content of their 
processing liquors to satisf: wtorily control the treatments to be ap- 
plied. In the past, methods for determination of pectin have been 
time-consuming, eliminating the possibility of close process control 
of the soluble pectin. A new method, based upon the optical activity 
of pectii, has been developed and has been adopted by many 
laboratories. 

Fibrous pectinic acid—Because pectin is combined with certain 
metals in plant tissue, heat and strong acid must be used for its 
extraction. This leads to some decomposition and loss of material. 
By converting the pectin in citrus peel to a low-methoxyl pectin, 
then washing with dilute acid, it is possible to extract the pectic 
material under milder conditions. During the course of this work, 
the presence of an active enzyme capable of | producing a low-methoxy] 
pectin was cont eee (See accomplishments under RRL-3-(11)- 
FP-1 ch. 18, p. 1133.) By using this enzyme in situ, followed by an 
acid wash, there can be isolated a pectic product which forms strong 
films and fibers. The cost of production of this material should be 
low and it should eventually find many uses. 

Research project RRL-3-(11)-B-2 

Production of torula yeast—There is available from canneries a 
considerable quantity of peels, cores, and cull fruit which must be 
disposed of without polluting streams or causing bad odors or other 
nuisances. One outlet developed for this waste “involves pressing it 
and using the juice as a medium for the growth of torula yeast. ‘The 
press cake is readily dried for use as animal feed, while the yeast is a 
rich source of protein and vitamins of the B complex, a conse- 
quently is a valuable feed supplement. Methods of production on a 
laboratory scale have been developed, and this knowledge is now being 
applied to studies on a pilot-plant scale. (See also accomplishments 
for Research Project RRL-3-(11)-ED-7 (ch. 15, p. 1187). 
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Research project RRL-8—(11)-B-3 

“Vitamin P” obtained from grape pomace and raisin seed meal.— 
A method has been developed for the isolation from grape pomace and 
raisin seed meal of a substance that is active in reducing capillary 
permeability. As this substance, formerly called vitamin P, prevents 
certain harmful effects of frostbite and atomic radiation, a method 
of recovery from a rich new source might be of great importance in 
event of emergency. 

Grape pomace effective as additive to oil well drilling mud.—In 
cooperation with the United States Bureau of Mines it has been found 
that in certain types of drilling muds, grape pomace is effective in 
retaining the moisture and the viscosity at desired levels. Tests by 
petroleum companies are under way. 

Research project RRL-3-(11)-ED-6 

Development of improved heat-treating equipment and methods.— 
New methods have been developed for heat-treating fruit and vege- 
table juices and purees with minimum heat damage. The heater has 
been successfully used for operations such as pasteurizing, sterilizing, 
and inactivation of enzymes, and for preheating as a step in operations 
involving partial vaporization. The new heating devices are able 
to heat fluids to temperatures in excess of 300° F, in less than 1 
second. ‘The units are able to effect heating and vaporization very 
rapidly and to handle materials which cannot be processed in con- 
ventional equipment. The devices are especially useful on heat- 
sensitive materials or on materials which cause fouling of heat- 
transfer surfaces. One of the most important applications of the 
equipment is likely to be in the field of milk processing. Further 
research, including cooperative studies with industrial concerns, is 
under way in order to bring about commercial use of the new 
procedures. 

Treatment of berry-picking bowes to reduce mold growth—Methods 
were developed for coating wooden berry-picking boxes, used by 
processors, with a wax to reduce mold damage to the boxes and to 
minimize berry losses which occur when sound berries are picked and 
placed in mold-infested containers. The problem of mold damage has 
been a serious one to both growers and processors in the Pacific North- 
west in recent years. This work has resulted in wider use of wax- 
treated boxes by the industry. It is difficult to estimate the monetary 
value of the accomplishment, but with an estimated 30 million berry 
boxes in use in the Western States alone, representing an annual invest- 
ment of about $450,000, the use of wax-treated boxes can save the 
western industry something like $300,000 a year by tripling the useful 
life of the containers. The amount of berries saved from mold dam- 
age each year is even more difficult to evaluate. Available information 
indicates that the savings in berries would far exceed the savings in 
box replacement. 

Survey of the apple industry in the Pacific Northwest.—In coopera- 
tion with, and at the request of, the Rural Agricultural Credit Corpo- 

‘ation, a survey of the apple-processing industry in the Northwest was 
‘arried out to provide technical and statistical information. Recom- 
mendations based on this information were used by the RACC in its 
action programs in the apple-producing area of the Northwest. The 
results of this survey were used to help stabilize the over-all price 
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structure of apples for processing and to permit equitable price differ- 
entials between various grades, sizes, and varieties of apples. Factors 
evaluated in making this study included determination of : (1) quanti- 
ties 6f various grades, sizes, and varieties of apples available for proc- 
essing ; (2) cost of dehydrating apples; (3) cost of canning apples; 
(4) facilities for processing apples; and (5) facilities and costs of 
storing apples. 

Comparative costs of various methods of supplying apples for pie 
stock.—A study was made of the comparative costs to the bakery trade 
in a representative middle western city of obtaining apples for pie 
stock. The probable costs of various methods of processing apples in 
the Pacific Northwest and shipping them to the market, and the prob- 
able costs of fresh apple slices prepared in the Midwest city, were 
calculated. The results of this study are available to growers and 
processors in determining the most economical method of marketing 
the fruit. This study also points out which processes justify further 
research. New processes were included in the evaluation, and the 
important factors influencing costs were determined. 

Possibilities for industrial utilization of fruits in the Columbia 
Basin.—At the request of the Columbia Basin Joint Investigations 
Committee, a study was made of the possibilities for industrial utiliza- 
tion of fruits and other farm products that might be produced in the 
Columbia Basin area when the land is brought under irrigation. The 
results of the study were incorporated into a report prepared by the 
committee and were used in the over-all planning for the Columbia 
Basin. 

Compression of dehydrated fruits —Procedures were developed dur- 
ing World War II for compressing dehydrated apples, apricots, 
peaches, prunes, and cranberries into blocks in order to save shipping 
space during the war. Bulk reductions ranging from 40 to 70 percent 
for various fruits was accomplished without significant impairment 
of the quality of the products. The procedures were included in a 
dehydration manual. 

Research project RRL-3—(11)-E'D-7 

Pectin production from citrus peel_—A process based on laboratory- 
scale experiments (see socks tbiainiba under RRL-3—(11)—B-1 (ch. 
13, p. 1135) ) has been worked out on a pilot-plant scale for the produc- 
tion of high-quality, low-methoxyl pectin from dried and fresh citrus 
peel, Fiteeanation regarding equipment and operating and control 
procedures is available to prospective manufacturers of the product. 
Cost studies indicate that commercial application of the procedures 
developed in the pilot-plant study would bring about a marked reduc- 
tion in the cost of low-methoxyl! pectin. 

In order to extend the operating season for the manufacture of low- 
methoxyl pectin, dried citrus peel of high quality must be available 
when fresh citrus fruit is not being harvested. Specifications for suit- 
able dried peel were established, and practical procedures for pre- 
paring such peel were worked out on a pilot-plant scale. Both 
specifications and operating procedures are available to prospective 
manufacturers. 

Yeast propagation methods developed on a pilot-plant scale-—A 
process based on laboratory-scale. experiments (see accomplishments 
under RRL-3—(11)-B-2, p. 1135 of this chapter) was developed on 
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a pilot-plant scale for the continuous production of feed yeast from 
fruit-waste juices. ‘The process is characterized by a higher produc- 
tivity than has been reported for any other method of prapagrens 

yeast, and may lead to a marked reduction in the cost of producing 
feed yeast. 

Fundamental engineering studies on the recovery of juice from 
fruit-cannery wastes.—One of the most important. factors affecting 
the cost of production of feed yeast from fruit juices is the cost of 
preparing the 7 juices from fruit wastes. Fundamental studies were 
carried out on the pressing characteristics of pear-cannery waste, 
which is the waste that occurs in largest quantities and is the most 
difficult to handle. The results of these studies have been applied 
in the development of practical methods and equipment for handling 
the cannery wastes. The results of this work are now being applied 
under RM: a-307 (ch. 14, p. 1267) in a large pilot-plant operation on 
fruit-cannery wastes in cooperation with a number of commercial 

canners. 

Studies on the recovery of calcium tartrate from brandy-still slops.— 
Asa war emergency measure, practicable methods for the recovery of 

calcium tartrate from brandy-still slops were developed on a pilot- 
lanl scale in the plant of a cooperating winery. A cost analysis was 
made to determine under what conditions the process would be eco- 
nomically feasible. It was concluded that the process would be uneco- 
nomical under ordinary peacetime conditions, but would be well worth 
using in the event of a critical shortage of tartrates during a national 
emergency. 

' Research project RRL-3-(11)-—PA-4 (service project) 

The work carried on under this research project is of a service na- 
ture. The many chemical analyses performed and new tec hniques and 
methods of analysis developed under this project have been of direct 
use in the successful completion of many of the accomplishments 
reported under other research projects. In many of the investigations 
performed on fruits and fruit products the identification and/or char- 
acterization of the material used, and the changes which occur during 
storage or processing, require a large number of chemical analyses. 

The followi ing analytical methods are ex <amples of those developed 
to meet the needs for special analyses arising under other research 
projects : 

(1) A rapid method for the determination of water in fruit purees 
and juice concentrates; (2) a rapid method for determining calcium 
in apple-firming baths; (3) a method for determining small amounts 
of pectin ; (4) a rapid method for determining the moisture content 
of fruit powders; and (5) a rapid polarographic method for determin- 
ing the amount of levulose sugar in the presence of other sugars. 


Research Proje et RRI-3-(11)-PA-5 (partly a service project) 


Extension of uses for fruit pectin through fundamental physical 
studies —The restricted use of pectin is due partly to the lack of 
knowledge of its structure and of its physical and chemical properties 
which determine the potential usefulness of this material. To deter- 
mine how the molecule is put together, an X-ray study was made of 
pectin and of a variety of pectin derivatives, under conditions of dif- 
ferent moisture content. Asa result of this work, the geometrical con- 
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figuration and the mechanism of water absorption of these substances 
are now relatively well understood. This information has been useful 
to other workers in the Bureau, in the development of pectin films 
which are strong and pliable, and have low oxygen permeability. 

A study of the thermal degradation and kinetics of certain chemical 
reactions which are used to modify pectin, has been completed. This 
work has been useful in defining the types of treatment that pectin can 
be subjected to without destroying its valuable gelling properties. 

Determination of the reflectance color of lemons.—The citrus in- 
dustry has needed an improved sorting method based on color, in con- 
nection with the packing and storage of lemons. Such sorting would 
assure that a uniformly ripe product would be available for shipping 
or for processing. To aid in the solution of this problem, an investi- 
gation of the fundamental color characteristics of lemons in various 
color grades has been made. This information was used by the Cali- 
fornia Agricultural Experiment Station as a basis for the development 
of a pilot-plant model of an automatic mechanical color-sorting 
machine that can selectively sort lemons on the basis of color at the 
rate of five per second. 

Spectroscopic determination of trace amounts of metallic contami- 
nants in fruits —Trace amounts of metallic contaminants present as 
insecticide residues, or picked up from processing equipment and 
storage containers, may cause deterioration in the quality of fruit 
products, and in extreme cases may be toxic. Special analytical meth- 
ods were needed to detect such contamination, because existing 
methods which had been developed for analysis of metals and alloys 
were not applicable. Rapid and reliable spectrographic methods have 
been developed for the simultaneous quantitative determination of 
lead, iron, copper, tin, aluminum, zinc, boron, and nickel, and for qual- 
itative detection of other possible metallic contaminants in fruit prod- 
ucts. Applications to studies correlating loss of quality with metal 
contamination have contributed to the improvement of processing 
techniques and storage practices for fruit products. The methods 
are adaptable for control purposes in fruit-processing plants. 
Research project RRL-3-(11)—PA-& (partly a service project) 

Discovery of sucrose hydrates —Fundamental information on the 
behavior of sugar sirups at freezing temperatures is needed as a guide 
to further developments in the processing and storage of frozen fruits. 
A thorough investigation of the behavior of ordinary sugar (sucrose) 
solutions throughout the temperature range used for freezing pres- 
ervation of fruit, has resulted in the discovery of seven previously 
unknown crystalline compounds (sucrose hydrates) containing or- 
dinary sugar (sucrose) and water in various proportions. These hy- 
drates usually grow in cauliflower-like clusters or as fine needles. In 
sirups such as are commonly used in frozen-fruit preservation, these 
hydrates will melt completely during thawing, but on cooling to suffi- 
ciently low temperatures (below 10° F.) they will cause the entire 
sirup to solidify to a dry, hard mass. Knowledge of the properties 
of these hydrates assumed practical importance when the objection- 
able white growth which sometimes occurs in stored frozen fruit 
packed in sear, or sugar sirup, was identified as one of these hydrates. 

Additional work indicates that the growth of these hydrates in 
sugar sirups can be controlled effectively by the replacement of part of 
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the sugar by invert sugar. It was also found that although hydrate 
growth is most rapid at about -10° F. (a common storage tempera- 
ture), it is negligible at -30° F. During this work it was found that 
glucose crystallizes readily in a hydrate quite similar to sucrose 
hydrates, and hence is not satisfactory for use in sirups with frozen 
fruit, although glucose does repress the growth of sucrose hydrate. 

(See also accomplishments for Research project RRL-3-(11)- 
FP-2 (ch. 13, p. 1134).) 

Discovery of levulose dihydrate-—An investigation of the behavior 
of fruit sugar (levulose) solutions at low temperatures resulted in the 
discovery of a new crystalline compound (levulose dihydrate) con- 
taining levulose and water. The favorable crystallization and solu- 
bility properties of levulose dihydrate suggest its use in the puri- 
fication of levulose, which is now too expensive for widespread use 
in spite of its desirable qualities of exceptional sweetness, high solu- 
bility, and natural blending with fruit flavors. 

Instrument for measuring ethylene concentrations in citrus color- 
ing rooms.—In response to a need expressed by the citrus industry for 
a reliable method of measuring and controlling the concentration 
of ethylene gas in the atmospheres of coloring rooms in citrus-pack- 
ing houses, an easily operated, portable instrument was developed 
for rapidly measuring ethylene concentrations in the range of 5 to 200 
parts per million of air. Use of this instrument will make it pos- 
sible to avoid considerable economic loss now occurring due to degrad- 
ing of fruit caused by overtreatment with ethylene. 

Characterization of the bitter principles in navel orange juice.— 
The bitter taste which develops in processed navel orange juice 
has restricted the commercial development of this product. A major 
obstacle to the solution of this problem has been the lack of definite 
information about the properties of substances which cause the bit- 
ter taste. To meet this need, the optical properties of these materials 
have been determined by the methods of chemical microscopy. This 
information is now being used by other workers in the Bureau who are 
engaged in a thorough study of the chemical reactions and the char- 
acterization of the compounds responsible for the bitter taste which 
develops in navel orange juice. (See accomplishments under b-8 
(ch. 12, p. 1039) and RM: a-504 (ch. 12, p. 1050).) 


F. SOME ADDITIONAL WORK NEEDED 


Fundamental investigations of flavor and color deterioration in 
processed fruits —Many undesirable changes in flavor and color occur 
during prolonged storage of processed fruits, especially in those pre- 
served by dehydration. The most evident of these changes is a brown- 
ing which detracts from the appearance of the fruit and is accompa- 
nied by an alteration in flavor. This change is different from the so- 
called enzymatic browning which occurs on cut or bruised surfaces of 
certain fresh fruits. The browning may be retarded for a limited 
time by the use of certain chemical preservatives, but these preserva- 
tives in themselves impart a foreign flavor and can be used only in 
small quantities. Prevention of this deteriorative process, which 
shortens the shelf-life of the products, has been hampered by in- 
adequate knowledge of the chemical reactions that are responsible for 
the changes. Fundamental information is, therefore, necessary to 
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explain the nature of the deteriorative changes and to devise methods 
for preventing them. The problem is of par rticular importance to the 
armed services, who frequently must stockpile large amounts of de- 
hydrated fruits under adverse storage conditions. 

Development of procedures for concentrating liquid fruit products 
by freezing—The methods currently used for the concentration of 
certain fruit products suffer from the disadvantage that the natural 
aromatic flavors of fresh fruits are either lost or altered, or new un- 
desirable flavors are introduced during the processing. Since con- 
centrated fruit products, such as purees or juices, are becoming in- 
creasingly popular and important in both peace and war economies, 
improvement of the quality of such products seems most desirable. 
Concentration, by freezing and separation of excess water, appears to 
be a promising way of accomplishing this objective. No satisfactory 
continuous procedure and equipment have been developed for this 
purpose. Research is, therefore, needed to determine the technical 
and economic feasibility of the freezing concentration method. 

Use of antibiotics in fruit preservation.—It has recently been shown 
that certain antibiotics, particularly subtilin (a substance somewhat 
similar to penicillin in its bacteric dal action), show possibility of re- 
ducing spoilage in various types of canned vegetable products. 
Shorter sterilizing times at lower temperatures, w ith notable i improve- 
ment in product quality, may prove to be practicable as a result of 
this research. 

Research on the use of antibiotics in the preservation of canned 
foods should be extended to cover other types of canned foods, par- 
ticularly fruits. 

Preservation of natural color in processed fruits —Fundamental 
investigations are needed to find the conditions for maximum color 
retention, and to develop inhibitors to retard or prevent deteriora- 
tion, of fruit pigments in processed fruits. This is of special im- 
portance for highly colored fruits, such as berries or grapes. 

Stability in “storage of liquid fruit products sterilized by ultra- 
rapid procedures.—Liquid fruit products, such as juices, of unusually 
good quality have been prepared by a process involving extremely 
rapid heating (sterilizing), cooling, and filling into ster ile containers. 
Research on the stor age life of such products, as compared with those 
prepared by conventional methods, is needed to evaluate the merits 
of the rapid process. 

Fundamental study of enzymes that influence changes in color and 
flavor of processed fruits —While there is evidence of the existence 
in fruits of numerous enzymes (complex and unstable chemical sub- 
stances) capable of effecting deteriorative changes in the color or 
flavor of fruit products, none of these enzymes has been isolated 
in pure form. Progress in the development of methods of preventing 
these deteriorative changes is dependent upon further advances in 
our knowledge of these enzymes. It is important, therefore, that these 
substances be isolated and purified, and their chemical properties 
determined. 

Development of improved dehydrated fruits—One of the chief 
reasons given for the declining ce of dehydrated fruits is 
their lack of convenience, due to slowness in rehydration. Other rea- 
sons are incompleteness of rehydration, lack of fresh-fruit flavor, and 
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lack of stability in storage at elevated temperatures. In view of their 
strategic importance in wartime and their economic advantages in 
peacetime, it is important that further research should be carried 
out on methods of preparing dehydrated fruits to improve their 
quality and convenience in use. 

Dehydrofreezing of cherries, prunes, and various berries requires 
investigation to determine the possibilities of this new method of 
preservation as a means of improving texture and quality, and to 
reduce the costs of transportation, storage, and packaging of the 
fruits. The applicability of this method, ‘combining the advantages 
of dehydration and freezing, has already been demonstrated for 
apples and apricots. 

Broader knowledge of the constitution of pectin and the nature of 
its functions and properties in plant materials is necessary in order 
to improve the quality (especially the texture) of processed fruits. 
Such knowledge would aid in dev eloping new and more economical 
procedures for “the production of pectin, methods for reducing brittle- 
ness and tear resistance of pectinate films, and improved methods for 
application of pectinate films. 

Byproduct utilization of fruits and their processing residues.— 

Cull fruit and fruit-processing residues have not been sufficiently 
investigated to determine their possible utilization for the production 
of valuable commercial products. Valuable nutritional factors may 
be present in sufficient amounts in fruit byproducts to be economi- 

cally extracted for use in feed supplements and in pharmaceuticals. 

Conversion of fruit residues into insect baits, soil conditioners, and 
feeds requires further attention to develop profitable outlets for this 
ever-increasing problem. 

Fermentation of processing residues into new and valuable products 
holds considerable promise. ‘The production of fruit molasses for 
fermentation to alcohol, solvents, vitamins, and flavoring agents could 
utilize large quantities of such residues. Fermentation to yield pro- 
tein-rich feed and food supplements would be useful in times of emer- 
gency and, if sufficiently bland products were produced, they would 
be valuable in human diets because of their vitamin and protein 
content. 

Various improved equipment designs and operating procedures for 
the spray-drying of food products should be tested—Limited pilot- 
— scale tests indicate that substantial contributions have been made 
to spray-drying technology. Comprehensive tests on a variety of food 
products are necessary to appraise the contributions fully, and make 
the results of the work available for commercial application. 

Promising and improved processes and equipment for the heat 
processing of fluids, including operations such as pasteurization, de- 
odorization, heat stabilization, and concentration, should be tested 
exhaustively.—The developments have been worked out on a pilot- 
plant scale, but must be tested on a variety of products and on a com- 
mercial scale in order to establish the importance of the work. Be- 
cause of the novel character of some of the methods developed, 
considerable testing of the procedures under commercial conditions 
will doubtless be necessary before any extensive adoption of the 
methods by industry can occur. From 2 to 4 years of supervised ap- 
plication studies are anticipated. 
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Cooling and freezing rates during immersion freezing of packaged 
foods should be established quantitatively in order to relate processing 
procedures with product quality, and to to provide a rational basis 
for the design and efficient operation of commercial freezers.—The 
importance of such studies is becoming increasingly evident as frozen 
fruit-juice concentrates and other frozen liquid products are being 
placed on the market and new processing methods for the manufac- 
ture of these products are being developed. 

Successful commercial application of a process for the production 
of feed yeast from fruit wastes will require cooperative study with 
industrial groups.—The process has been worked out on a pilot-plant 
scale and compares favorably with other reported methods. Coopera- 
tive studies with industrial concerns are needed in order to obtain 
the information upon which commercial use can be based. 

Cost studies on processing developments.—Cost studies have shown 
the economic advantage of high-unit-value processed products, for 
example, fruit concentrates, especially from the standpoint of com- 
petition in distant markets. Processes for high-quality concentrated 
fruit products in either liquid or solid form and with low transporta- 
tion and marketing costs are needed. Concentrated products are also 
of great value in feeding military personnel and for shipment to 
foreign countries. The market position of new processes and prod- 
ucts is often dependent upon the ability of the products to compete 
costwise with similar products. The cost of research may likewise 
be influenced by the results of product-cost relations. A continuing 
program of processing cost studies is, therefore, necessary to the 
planning of research studies for the attainment of best over-all 
economic results. 

Development of improved procedures for color measurement in 
raw and processed fruits——Color is a very evident characteristic of 
fruits and is recognized as an important factor in quality grading. 
Fundamental physical data on natural color variations due to matu- 
rity, locality, and seasonal factors, as they affect processing, are needed 
in order to establish improved objective color-measurement methods 
and automatic color-grading and color-sorting techniques. Measure- 
ments need to be made of color variations introduced by processing 
and storage as an aid in evaluating freezing, concentrating, and other 
food preservation procedures. 

Use of high-energy radiation for preserving fruits—Preliminary 
reports from other laboratories on the use of high-energy radiation, 
such as X-rays and electron beams, indicate that these treatments hold 
considerable promise as a method for preserving certain types of fruits. 
More detailed investigations need to be carried out, however, in order 
to evaluate the actual potentialities of these treatments. 

Identification of aromatic volatile substances—The techniques of 
microwave spectroscopy need to be developed in order that the volatile 
substances given off by fresh and processed fruits when stored can 
easily and accurately be identified. This information is needed in 
order to find methods for improving storage stability. 
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UriiizaTion INVESTIGATIONS ON F Ruts OF THE EasTeRN ReEGIon ? 


(BAIC—RRL-4-3—F ederal-State—Regular Funds) 


(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop for apples and other fruits, exclusive of strawberries, 
cherries, black raspberries, and peaches, new and extended uses that 
will provide an outlet for the lower grades of fruits and for surpluses. 
Current work is on the improvement of commercial apple juice. 
Such improvement would result in greater consumption oh hence in a 
greater use of apples. Further emphasis has been on the recovery 
of the fragrant fraction of fruits in concentrated form for use in 
improving ‘the flavor of concentrated j juices, jellies, and jams, and on 
the dev elopment of pectin, low-sugar preserves, malic acid, sirups, 
and confections. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project PRL-4-(3)-B-1—Chemical research on apple and 
other fruit utilization 
RRL-4-(3)—B-1-2 (Rev.)—Concentration of apple juice. To im- 
prove the quality of apple concentrate and to develop new uses for it. 
Because of extreme variation in quality, concentrated apple juice has 
limited usefulness. Industry needs to know how to make a good, uni- 
form product. A new type, with the volatile flavors added back, could 


command a new market. 

RRL-—(3)-—B-14— Utilization of apple pomace. To develop eco- 
nomic catia for pomace from cider and vinegar operations. Only 
about 10 percent of the pomace produced is utilized, and that for 
pectin. Other uses are needed. 

RRL-—(3)—B-1-5—Processing of apple juice. To devise im- 
proved means of commercially processing apple juice, cooperatively 
with National Apple Institute, Virginia Agricultural Experiment, 
Station, and Tennessee Valley Author ity. 

RRL-4—(3)—B-—1-8—Uses for apple thinnings. To develop uses for 
the immature apples picked for thinning purposes. Most of this work 
is done cooperatively with the Virginia Agricultural Experiment 
Station. 

RRL-4—(3)—B-1-10 (Rev.)—Firming of apples. To develop meth- 
ods for the firming of those varieties of apples which become unde- 
irably soft when cooked. The purpose is to maintain slices for pies 
without mushin 

RRL-4-(3)—B-1-11—Chemical constitution of apples and other 
fruits. To isolate, identify, and study the constituents of fruits, 
especially apples, and to study the unkown constituents of apples, 
which amount to 10 percent of the total solids. This information 


1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this re “be currently 
active line projects are grouped under their parent research projects, whic h correspond 
approximately in scope to the regular work projects of other Bureaus of the Department. 
Likewise, under secs. D and E, research projects are used as the basis for reporting 
expenditures in 1950, and outstanding accomplishments. 
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would be a guide for the more intelligent development of the various 
apple products. It could also conceivably uncover new substances of 
special value. 


Research project RRL-4-(3)-—E-1—Chemical engineering studies on 
the utilization of apples 

RRL-4-(3)—E-1-3 (Rev.)—Miscellaneous chemical engineering 
services. To give advisory chemical engineering service to other divi- 
sions of the laboratory, to make cost estimates on proposed processes, 
to prepare graphs and drawings and to do other routine work. 

RRL-4—(3)-—E-1-16 (Rev.)—Chemical engineering investigations 
on the recovery of fruit flavors and other products from apples and 
from other eastern fruits. To develop methods for recovering the 
fragant constituents of fruits now lost in processing and restoring 
them to the fruit products. 


Research project RRL-4-(3)—A-1—Analytical chemical investiga- 
tions 

RRL—4—(3)-—A-1-1—Research analysis investigations. To perform 
routine and specialized chemical analyses on apples and other fruits 
and their derived products, and to develop new and improved methods 
of analysis when required. 

Research project RRL—4-(3)-A-2—Physical chemical investigations 
RRL--(3)-. \-2-1—Miscellaneous physical chemical investiga- 
tions. To apply specialized methods of physical chemistry to the 
chemical and technological problems arising in the development of new 

and extended uses for ‘apples and other fruits. 

RRL-4—(3)-A-2-4—l dentification and control of chemical and 
physical factors responsible for textural defects in the tissue of proc- 
essed apples. To determine, through basic physical chemical studies, 
the causes for change in tissue firmness or texture on processing apples 
and other fruits, and to develop practical means of controlling the 
texture in processing. 

Research project RRL-4-(3)-A-3—Physical investigations 

RRL-4-(3)—A-—3-1—Miscellaneous physical investigations. To 
apply spec falized methods of physics to the chemical and technological 


problems arising in the development of new and extended uses for 
apples and other fruits. 


Research project RRL-4-(3)-OD-1—Development studies on the 
utilization of apples and other fruits 

RRL-4—(3)—OD-1-1—Technical development surveys relating to 
the industrial utilization of apples and other fruits. New dev elop- 
ments in the laboratory are brought to the attention of outside inter- 
ested parties, and problems and questions of the latter are brought 
back to the laboratory. 

RRL—4- (3)-OD-1-2—Market surveys relative to, and industrial 
developments on, processes for the utilization of apple products. To 
determine the market possibilities of various types of apple products 
and processes developed in the laboratory, to promote their industrial 
adoption, and to provide manufacturing and cost data. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


In some years apples are produced in excess of normal requirements, 
and in every year a part of the crop is not suited to the fresh- fruit 
market. Our object has, therefore, been to find more outlets for this 
fruit and to develop new products from it and from its byproducts. 
Both food and nonfood uses have been sought. At first, efforts were 
largely confined to processed juice. Later special pectins from apple 
pomace were developed. Methods were found for firming summer 
apples to make them suitable for canning. Later, work was directed 
to the recovery of the volatile fraction from fruit juices in a concen- 
trated form termed essence. It can be recovered during certain proc- 
essing operations, or it can be prepared directly from juice. The 
Bureau has sponsored three conferences of the fruit-processing indus- 
try. To facilitate the adoption of processes and products developed 
in the laboratory, active liaison has been maintained with processors, 
growers, and cooperatives. Thus Bureau knowledge is taken to them, 
and their problems and views brought back to the Bureau. This rela- 
tion was especially useful in the commercial development of fruit 
essence. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The average for 1941 through 1945 was $80,000; for 1946 through 
1949, $208,000. The expenditure for 1950 was $133,000, apportioned 
as follows: B-1, $36,600; A-1, $12,0003 A-2, $13,000; A-3, $13,300, 
E-1, $47,300; OD-1, $10,800. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Research project RRL-4-(3)-B-1 

Firming slices of those varieties of apples which are too soft for 

canning or which mush too much in a pie was accomplished by dipping 
the slices in a solution of a calcium salt. Summer apples of high flavor, 
and certain soft winter varieties, are now being canned and frozen for 
the first time. Three companies are known to be using the process. 

A pple sirup.—tn 1942 a process was announced for making an indus- 
trial sirup from low-grade apples. During the next 5 years 9,000,000 
pounds of it were made from 900,000 bushels of apples, with a value 
of $1,530,000 for the sirup at the OPA price ceiling. It was used 
largely as a wartime glycerine substitute in tobacco products. 

Apple juice conce ntrate is distinct from apple sirup in that it retains 
the original acidity. In addition to its conventional use in mince meat 
and jellies, a new use is as a modifier of milk in infant feeding. It 
produces a softer and hence more digestible curd in the stomach. This 
new use will account for about 500,000 bushels of apples annually. 

Improved apple juice.—After making surveys of commercial apple 
juice for four different seasons, it become obvious that in general the 

same manufacturers made good juice all the time or poor juice all 
the time. By concentrating on the negative aspects—the factors 

which make for poor juice—the Bureau found that unripe fruit, 
spoiled fruit, and unsanitary housekeeping are the principal causes 
of low-quality processed juice. As a result of compaigning to correct 
these conditions, there is gradual improvement in the quality of com- 
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mercial juice, and this should help apple juice to improve its position 
among the other fruit juices. 

Constituents of apple essence-—A chemical study of the volatiles 
of apple juice revealed 26 different substances, including aldehydes, 
alcohols, and esters. Since the total of these materials in the juice 
is only 50 parts per million, their isolation and identification was 
an outstanding example of chemical skill. It is obvious that a syn- 
thetic mixture of these items will not likely be a competitor of the 
natural essence. The recovery of the latter is aided materially by 
this knowledge of the constituents. Flavor manufacturers have made 
use of this information in the preparation of their natural flavoring 
products. 

The production of low-ester pectin from apple pomace by an en- 
zyme method has been perfected. These pectins make possible new 
types of jams, aspics, and salads. 

Research project RRL-4—(3)-F-1 

Fruit essence——A process and equipment were developed for re- 
covering in highly concentrated form the fragrant constituents of 
fresh apple juice. The juice is simultaneously pasteurized without 
altering its flavor. Modifications for Concor d grape juice were also 
worked out. Approximately 50 companies have installed apple es- 
sence recovery units. One company has 3 units, and another in 
Canada, a capacity of 5,000,000 gallons of apple juice annually. 
In the first year of production (1949- 50) at least 5,000 gallons of 
essence worth $5 a gallon were produced from 5,000 tons of apples. 
The stripped juice is used for vingegar, wine, and concentrated apple 
juice production. Industry has ‘also adapted the essence process to 
cherries, peaches, blackberries, strawberries, pineapples, and apricots; 
and experimentally from orange, tomato, raspberry, damson plum, 
and quince. Essences are used commercially in beverages, flavor ex- 
tracts, candy, and frozen concentrates. : 

Fruit juice concentrates—One of the most important uses of fruit 
essences is to restore aroma to juice concentrates. Such products are 
called full-flavor concentrates and on the addition of five parts of 
water they give a beverage hard to tell from the fresh juices. These 
concentrates do not require freezing but may be kept under ordinary 
refrigerator conditions. An apple concentrate is now added to milk 
to give a beverage of modified flavor. Methods have also been de- 
v eloped for preparing full-flavor frozen concentrates from both apple 
and grape juices. These can be diluted in the home with three parts 
of water to give the equivalent of a fresh juice in the same way that 
frozen concentrated orange juice is now used. 


Research project RRL-4-(3)-A-I 


Analytical service and research_—The accomplishments under this 
project were of a service and research nature which contributed 
materially to work in progress on other projects. Thousands of 
analyses were made on apples and their derived products for various 
constituents of importance. For some of these the development of 
new and improved methods was required. Examples were the deter- 
mination of unaltered pectin in apples and the determination of small 
amounts of alcohol in apple essence. 
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Research project RRLI-4—(3)—A-2 


Physical and chemical service and research.—The accomplishments 
under this project were of a research nature concerned with basic 
studies on the causes for change in tissue firmness that occur when 
apples are processed, and the development of practical means of con- 
trolling the firmness on processing. The information contributed 
to the accomplishment under research project RRL—4—(3)-B-1, page 
1156 of this chapter, “Firming slices * * * ofapplies. * * *” 

Basic knowledge of apple pectin extended.—Pectin, a byproduct of 
the apple-processing industry, has been used almost exclusively as a 
jellying agent in foods such as jams and marmalades. Modification 
of the pectin chemically or by means of enzymes offers the possibility 
of a much wider field of application in the food, pharmaceutical, and 
other industries. Under this project an investigation has been made 
of the ultimate units of pectin, the molecules, before, during, and 
after a variety of modification processes. This has shown how and 
why the properties of apple pectin are altered by changes in the 
conditions of modification, ea is thus valuable in specifying what 
conditions are required for producing modified pectins with partic- 
ular qualities for particular applications. Use has been made of 
the basic knowledge acquired under this project in the development 
and commercial trials of “low methoxyl] pectinate films” for packag- 
ing, described under project RRL-3-11, “Utilization investigations 
on fruits of the Western Region” (ch. 13, p. 1133). 

Research project RRL—-4—(3)-—A-3 

Physical service and research—The accomplishments under this 
project were of a research and service nature dealing with the devel- 
opment of specialized physical methods and their application to work 
in progress under other projects. For example, spectroscopic meth- 
ods were applied to the precise measurement of the important quality 
of color in: (a) apple juice, prepared in the laboratory and subjected 
to a variety of commercial storage conditions; and (0) red tart cher- 
ries, in the effort to correlate maturity, soluble solids and color with 
the “drained weight” or yield of cherries after commercial canning. 

A differential refractometer, an optical instrument for analysis 
of small quantities of substances in solution, was successfully adapted 
to the determination of less than 0.2 percent of ethyl alcohol. It was 
used in connection with apple-essence development. 

Research project RRI-4-(3)-OD-1 

Promotional efforts under this project were directly responsible for 
the quick adoption of the apple-sirup process and of the commercial 
development of fruit essences. Furthermore, industrial problems 
concerning these products were brought back to the laboratory for 
solution. 

F. SOME ADDITIONAL WORK NEEDED 


Composition of fruits —Some 10 percent of the dry matter of fruits 
is of unknown composition. What are these substances? What rela- 
tion do they bear to storage quality of fruit, to stability of juice con- 
centrates, to possible new uses? Are any of them valuable in their 
own right for drugs or for industrial use? UJtimately these questions 
should be answered. 
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Fruit-juice concentrates——Following the lead of frozen concen- 
trated orange juice, satisfactory apple and grape frozen concentrates 
have been developed. Many factors, however, still remain to be 
explored—among others, the influence of variety, the role of micro- 
organisms, conditions of concentration, addition of essence or of fresh 
juice to the concentrate. The study needs to be extended to other 
fruits as well. The high-density, self-preserving, full-flavored con- 
centrate should be perfected, and the behavior of all juice concentrates 
on long storage at various temperatures should be studied. New uses 
for the stripped juices after essence recovery must be developed so 
that the essence will not have to bear the full cost. Solution of these 
problems should result in the utilization of a.large amount of fruit, 
which is the Bureau’s goal. 

Industrial uses for pectin must be found. Pectin is the main unique 
constituent of pomace. Finding industrial uses for it would be find- 
ing uses for the pomace now wasted. Such pectin could probably be 
in a crude, inedible form. 

Powdered fruit juices Concentrated fruit juices are successful 
because of the reduction of bulk and weight. One step further in this 
direction would be preparation of the juices in powder form, as in 
powdered or soluble cotfee. Theoretically this can be done, and still 
have the powder embody all the volatile tlavor fraction. The means 
for doing this must be worked out. 

Valuable fruit aromas are now lost during the vacuum processing of 
fruit and fruit juices to produce concentrates, jams, and jellies. Engi- 
neering studies should be made to determine how these aromas saat 
captured in essence form either to enhance the taste and aroma of the 


products from which they came or for use in making other food 
products. 


New AND Iwprovep Uses ror Decipvous Fruits, EspeciaLiy 
To Prevent Waste 


(BAIC—RM : a—125—Federal-State—RMA Funds) 


(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new uses for, and improve existing products from, decid- 
uous fruits (especially fruits other than apples) and their wastes. 
The present work includes the development of commercially feasible 
methods for preparation of fruit-flavor essences, concentrated fruit 
juices, purees, and nectars. An effort is made to preserve or incorpo- 
rate in these products the full, natural, aromatic flavor of the fresh 
fruits. Fundamental work is also underway on the identity and 
amounts of important fruit constituents. Another activity is the 
recovery of edible byproducts from fruit-cannery residues such as 
cores and peels. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—-125-1—Recovery of sugar from pear-cannery waste. To 
develop an economical process for recovering sugars from pear-can- 
ning waste and converting such sugars into a purified sirup suitable 
for use in sweetening canned pears. Cooperative work is being con- 
ducted with an apple growers’ association in Oregon. 
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RM: a-125-2—Biochemistry of the processing of sour cherries. To 
develop an understanding of the chemistry and physics involved in 
the various steps of processing sour cherries, especially cherries that 
have been grown under certain spray treatments. 

RM: a-125-3 (c)—Improvement of the quality of processed sour 
cherries. ‘To determine the effects of various fungicidal sprays and of 
various soaking and cooling preprocessing treatments on the quality 
of canned and frozen sour cherries, under a contract with the Mich- 
igan Agricultural Experiment Station. 

RM:a-125-4 (c)—Processing studies on eastern-grown freestone 
peaches. ‘To develop new and improved procedures for ripening and 
processing eastern-grown freestone peaches, under a contract with 
the Michigan Agricultural Experiment Station. 

*Low-sugar fruit spreads and jellied desserts. To develop from 
low-pectin “fruits (strawberries, peaches, cherries, and black rasp- 
berries) a new type of spread by employing the formation of calcium 
pectinate to thicken the product. 

*Chemical engineering investigations on new uses of deciduous 
fruits. To conduct pilot-plant- scale research on the preparation of 
essences from fruit juices, or from residues such as pomace, or from 
the vapors evolved during fruit processing. 

“Volatile and nonvolatile concentrates from western-grown decidu- 
ous fruits. To develop new and improved processing methods and 
equipment for the recovery and concentration of volatile fruit flavors 
(essences) and for the preparation of new products such as full- 
flavored concentrated purees or juices through removal of substantial 
amounts of water and fortifications with the recovered essence. Con- 


centration of such products results in appreciable savings in packag- 
ing, storage, and transportation costs; recovery and addition of the 
volatile flavors to the fruit concentrates or to other food products 
results in improved flavor and greater acceptability of the products 
by the consumer. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was started in 1948, It was intended to extend to the 
soft fruits the processes developed for apples in work carried out 
under regular funds. 

The growing surpluses of some fruits and the difficulty of market- 
ing perish: ible fruits at great distances led the Department to carry 
on additional research on production of fruit concentrates and on 
utilization of fruit byproducts. The current studies aim in part to 
develop a process for recovering the sugars from pear waste in the 
form of a clear, colorless juice suitable for use as a sirup base in 
prepared canned pears. Such a process would permit the canner to 
recover a relatively valuable product from the waste. Other phases 
of the research deal with the study of processing problems by the 
Michigan Agricultural Experiment Station under contracts (one on 
freestone peaches and one en cherries) and, in cooperation with a 
preserves manufacturer, with the design, construction, and testing of 
apparatus for the recovery of vapors evolved during the commercial 
open-kettle cooking of fruits. 


*Line of work for which no symbol has yet been assigned. 
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D. FUNDS—-ANNUAL EXPENDITURES 


The annual expenditures have been, for 1948, $41,000; for 1949, 
$55,000; and for 1950, $89,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Intensity of volatile flavor in several varieties of strawberries has 
been determined. This information will be useful to growers and 
processors in selecting strawberry varieties suitable for use in pre- 
paring essences and full-flavored concentrates. 

A practical process has been developed for recovering the sugars 
from pear-canning waste in the ia of sirup useful to pear canners.— 
This process is now under development on a pilot-plant scale in a co- 
operative pear cannery. The use of such sirup would reduce the sugar 
requirement by about one-third. 

New equipment for fruit-essence recovery has been developed which 
results in little alteration of the natural fruit flavor and minimizes 
the development of undesirable cooked flavors. This equipment will 
be especially applicable to fruits that are heat sensitive or difficult 
to process because of plugging or fouling of conventional apple-pro- 
cessing equipment. 

New and improved methods of preparing frozen apple-juice con- 
centrate have been developed and compared with existing procedures 
now in use. It has been shown that the low evaporating temperatures 
and expensive high-vacuum equipment used by the frozen-orange- 
juice-concentrate industry are not needed for preparing frozen apple- 
Juice concentrate. As a result of these studies, several commerical 
producers of frozen apple-juice concentrate are considering modi- 
fication of their preparation procedures in order to incorporate these 
new developments. Such changes will result in an improved product 
and may substantially reduce processing costs. 

A pple-juice concentrate suitable for emergency use-—Storage stab- 
ility of a fourfold apple-juice concentrate, heat-processed and stored 
at room temperature, has been found equal to that of conventional 
apple juice or cider. This new concentrate may prove to be useful 
to the armed services. 


F. SOME ADDITIONAL WORK NEEDED 


Modification of processing methods for fruits grown in different 
regions of the United States—Further work is needed on modification 
of existing processing procedures for essence recovery and preparation 
of full-flavored concentrates to take into account the peculiarities of 
certain varieties of fruits and to fit the processing schemes into the 
different growing and harvesting practices existing in different re- 
gions of the United States. 

Development of new and simpler methods of preparing fruit con- 
centrates.—Improvement of the storage stability of the products and 
further reduction of processing costs would extend the utilization of 
surplus or perishable fruits. Development of such methods would 
be of particular significance to the Armed Forces. 

Processing and preparation for marketing of certain tropical 
fruits.—In cooperation with the Hawaiian Agricultural Experiment 
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Station new or improved methods should be developed for the manu- 
facture of purees, nectars, and other products from tropical fruits, 
especially papaya and guava, in order to promote greater distribu- 
tion of these fruits in the continental United States and elsewhere. 

Improvement of methods for the preparation of canned-fruit juices 
to prevent color changes and cloud formation in storage. This applies 
especially to highly colored fruits such as strawberries, cranberries, 
or grapes. 

Im provement of processing methods of tree nuts to simplify blanch- 
ing procedures and to improve the flavor of processed nuts and nut 
products. 

Improvement of processing methods of small fruits, particularly 
cranberries, blueberries, blackberries, and r aspberries, in order to 
produce canned products more attractive in texture, color, and flavor. 

Development of new and improved uses for wastes resulting from 
the processing of deciduous fruits—In addition to waste from the 
pear-canning operation, residues from the processing of grapes, 
peaches, apricots, apples, and berries present a serious disposal prob- 
lem or a nonprofitable byproduct outlet. Research is needed to pro- 
vide increasingly profitable uses for such residues. 

Essence recovery from vacuum kettles, in contrast to that from 
open kettles, should be developed in order to keep abreast of changes 
in the fruit-preserves industry. 


ResearcH Contrract—EqQuIPMENT For Recovery or Juice From Pear 
AND OrHer Frurt-Processtne Wastes 


(BAIC—RM: a-182—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The objective of this project is the design and construction of a 
pilot-plant model of a practical, continuous-type press for recovery 
of juice from pears and other fruits and their processing wastes. The 
single line of work authorized by this work project has not been 
or ganized on a line project. The project is being carried out under a 

research contract with an engineering firm in Berkeley, Calif., which 
‘alls for the design and construction of a continuous- -type press for 
fruit wastes. 


B. CURRENTLY ACTIVE LINE PROJECTS 
None. 
C. HISTORY AND EVOLUTION OF THIS WORK 


Fruit-processing plants and press manufacturers have attempted 
for many years to develop a practical continuous press for the re- 
covery of juice from ae wastes and from fruit not suitable 


for processing or sale in the fresh-fruit market. At the time this 
contract was awarded in 1948, no commercially practical method was 
known for accomplishing this separation efficiently in a continuous 
operation. Since the initiation of the contract, other studies within 
the Bureau have indicated methods for effecting mechanical separa- 
tion of fruit juices from processing wastes that have been subjected 
to a preliminary chemical treatment. The importance of the press 
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development may, therefore, center largely on the primary produc- 
tion of fruit juices where no preliminary chemical treatment is per- 
missible. 


D. FUNDS—-ANNUAL EXPENDITURES 






F The sum of $40,000 was obligated for this contract in the fiscal year 
1948. During the 2 years the contract was awarded, progress has 
been such that all but the final partial payment to the contractor has 
been made. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





A pilot-plant model of the press has been completed and is ready 
for testing. 


F. SOME ADDITIONAL WORK NEEDED 

























Extensive testing of the new press will be necessary in order to 
evaluate its potentialities from the standpoint of application of the 
design principles in the construction of commercial units. Work is 
planned on both fruit and vegetable wastes and on the primary pro- 
duction of fruit juices with a view to developing designs for com- 
mercial units that will avoid the high labor cost involved in the use 

; of present rack-and-frame hydraulic presses. It is anticipated that 

; this will require between 1 and 2 years of processing studies on vari- 

ous fruits, with minor alterations to the press being made as found 
necessary to improve the operating characteristics. If major changes 

in press design are found to be necessary, a longer time may be needed 
before the design basis is established for a commercial press. 






Strupy or FUNDAMENTAL CHARACTERISTICS OF Frurr TANNINS To Avorp 
DARKENING AND Orr-FLAVOoR DevELOPMENT IN PREPARATION AND 
STORAGE OF Processep Fruit 


(BAIC—RM: a-505—Federal-State—RMA Funds) 


PURPOSE AND NATURE OF CURRENT WORK 





To identify the chemical substances in fruits that are responsible 
for the formation of objectionable brown color and the deterioration 
in flavor when certain fruits are sliced or cut and exposed to air, as in 
preparing them for dehydration, freezing, or canning. The work 
involves extracting these substances from the fruit, separating and 
purifying them, and determining their chemical constitution and 
properties. With the basic information so gained, methods will be 
sought for the prevention of browning during manufacture or storage 
of processed fruits. 


B. CURRENTLY ACTIVE LINE PROJECTS 






RM: a—505-1—Identification of polyhydroxy benzene constituents 
(tannins) isolated from peaches. To isolate, purify, and establish 
the chemical constitution and properties of substances that cause 
browning in peaches; to develop effective methods for prevention of 
browning in peaches; and to devise tests for measuring the browning 
78552—51—vol. 212 
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tendency of different varieties of peaches. This information is needed 
by peach breeders and fruit processors. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The work on this problem was at first confined to the development of 
empirical methods for the prevention of browning in fruits. Certain 
chemical treatments were formulated, and some are still being used 
commercially, but the treatments themselves may result in undesirable 
flavor, or their effectiveness may be of only limited duration. Later it 
was established that browning occurs through the combined action of 
air (oxygen) and certain fruit catalysts (enzymes) on fruit con- 
stituents Sveniiie classified as tannins. The properties of the enzymes 
and of the tannins are not thoroughly known, and it is the lack of this 
knowledge that hampers further development of effective methods 
for browr ning prevention. Special emphasis is, therefore, being given 
to fundamental investigations on the tannins (a large group of com- 
plex compounds) to serve as ground work for practical solution of 
the discoloration problem. The impetus for this work comes in large 
measure from the fruit-freezing industry, where the problem is most 
acute. Work on this project was started in the summer of 1949. 


D. FUNDS—ANNUAL EXPENDITURES 


The amount expended on this project has been approximately 
$14,000 during fiscal year 1950, which marked the beginning of the 
project. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Since this project was started so recently, nothing outstanding has 
been accomplished on it thus far. 


F. SOME ADDITIONAL WORK NEEDED 


Extension of the fundamental work.—The outlined research on fruit 
tannins now limited to peaches should be extended to include other 
commercially important fruits such as apples, apricots, and pears. 


FUNDAMENTAL Strupy or Facrors TuHar INFivuence TrExtTure IN 
Processep Berries AS A MEANS OF DEVELOPING IMPROVED PROCESSING 
TECHNIQUES 


(BAIC—RM: a-519—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate the causes of the deterioration in texture of berries 
observed after processing treatments such as canning and freezing 
preservation. Among the specific textural problems being investi- 
gated are (1) excessively soft and mushy texture and breaking apart 
into fragments of certain commercial varieties of red raspberries after 

canning and transportation; (2) clumping of blueberries during can- 
ning, leading to a large percentage of broken berries and loose skins 
as the c lump 1 is broken up for use; (3) undesirably soft and mushy tex- 
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ture of strawberries after freezing and thawing, accompanied by ex- 
cessive bleeding or “drip”; (4) undesirable variation in texture of 
certain lots of preserves or jams prepared from berries, particularly 
Boysenberries and blackberries. 

Fundamental research is in progress on the kinds of pectin and 
pectic enzymes that may exist in berries and on the action of berry 
enzymes upon berry pectins under various conditions commonly used 
in processing. 

B. CURRENTLY ACTIVE LINE PROJECTS 


, RM:a—519-1 (c)—Identification and control of chemical and 
physical factors responsible for textural defects in processed berries. 
To determine the factors that control texture in processed berries, with 
emphasis on the role of pectin chemistry. This involves a study of 
the chemical constituents of berries, with particular stress on pectins 
and pectic enzymes, and the use of the microscope to determine the 
tissue structure of the berries. Practical application of the funda- 
mental information gained is to be made in controlled processing 
studies by a cooperating State agricultural experiment station. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Problems of texture are among the most persistent of those encoun- 
tered in berry processing. Such problems are assuming increased 
importance now since expansion of markets for berries is dependent 
in large measure on the availability of processed products of excellent 
texture as well as of attractive flavor and color. It has been known 
for many years that pectin (a chemical widely distributed in fruits 
and vegetables) plays an important role in the texture changes which 
fruits and vegetables undergo during maturation, storage, and proc- 
essing. Many of these changes have been attributed to the action of 
certain enzymes upon pectin. Recent work in the Department re- 
sulted in the isolation of two important pectic enzymes (pectinesterase 
and polygalacturenase), and determination of their modes of action 
helped to solve a number of important food-processing problems. 
This work suggested the application of similar techniques to the 
problems of berry-texture deterioration. The work on berries was 
instigated by several State agricultural experiment stations and berry 
growers’ associations and was started during the summer of 1949. 
The Western Washington Agricultural Experiment Station agreed to 
supply samples of berries for the fundamental research and to conduct 
controlled processing studies. 


D. FUNDS—-ANNUAL EXPENDITURES 


eae $13,000 was expended in fiscal year 1950 which was 


the first for this project. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Prevention of clumping in canned blueberries—A simple and 
effective means of preventing the clumping of canned blueberries has 
been found. This involves the use of an agitating cooler which keeps 
the freshly canned berries in constant motion until they are cooled to 
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around 100° F. Once this is accomplished, the berries are free-flow- 
ing and have no tendency to stick together during storage. 

Discovery in berries of an enzyme capable of acting on pectin.— 
Substantial amounts of the enzyme pectinesterase have been found 
in both raspberries and blueberries. This enzyme may prove to be 
of importance in modifying the texture of berries during processing 
and storage. 

F. SOME ADDITIONAL WORK NEEDED 


Texture problems caused by hemicelluloses other than pectin—To 
examine berries for hemicelluloses other than pectin and for enzymes 
that attack them and to relate the information gained to textural 
changes in berries. 


DeveLorpMENT OF Lurprovep INstRUMENTs FoR Rapi MEASUREMENT 
or Morsrure AND Coior or Frurrs, VegerasLes, AND Nuts, Raw 
AND DEHYDRATED 


(BAIC—RM: a-520—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop instruments that will satisfactorily determine the mois- 
ture content and related characteristics of raw, dried, and processed 
fruits, vegetables, and nuts, and instruments that will measure the 
color of fruits and vegetables. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-520-1—Development of new instruments for rapid meas- 
urement of moisture in fruits, vegetables, and nuts. To develop new 
instruments for rapid objective measurement of the water content of 
fruits, vegetables, and nuts, in the range of 20 percent to 90 percent, 
which is beyond the scope of presently available electrical instru- 
ments for moisture determination, 

RM: a-520-2—-Development of new instruments for rapid meas- 
urement of color by reflectance in fruits, vegetables, and nuts. To 
develop new instruments for measuring specific color characteristics 
in fruits, vegetables, and nuts. A simple, portable color-measuring 
instrument for field use in the selection of vegetables and fruits of 
proper maturity for processing is now under development. 


C. HISTORY AND EVOLUTION OF THIS WORK 


It has long been recognized that quick and accurate methods of 
determining moisture are of primary importance in the selection of 
agricultural products for specific uses, control of processing, and 
stabilizing for storage. The oven-drying, distillation, and titration 
methods were too slow and these were supplanted by several kinds 
of electrical methods for some materials. The electrical methods, 
although faster than the earlier methods, were only useful for ma- 
terials of low-moisture content. 

It has also been recognized that the color of fruits and vegetables 
and the changes in color during processing and storage are major 
factors in consumer acceptance of these foods. No satisfactory instru- 
ment for measuring color rapidly was available. 
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In view of the need for instruments to rapidly measure moisture 
and color of agricultural products, work was started under this project 
in the latter part of 1949. 


Beh Ee any 


D. FUNDS—ANNUAL EXPENDITURES 


During fiscal year 1950, which was the first year of work under the 
project, expenditures of about $14,000 were made. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Cap eae 


A new magnetic moisture meter has been developed to the laboratory 
stage-—It is based on the recently discovered principle of “nuclear 
inductance,” which depends on the magnetic properties of the hydro- 
gen nucleus. This instrument is particularly effective over the higher 
range of moistures or where the electric moisture meters failed. 


F. SOME ADDITIONAL WORK NEEDED 


Application of moisture and color meters to field use and processing 
operations.—When the magnetic moisture meter and portable color 
meter have been perfected as laboratory instruments, their adaptation 
to field use and processing operations for fruit, vegetables, nuts, and 
other commodities should follow. 

The development of a moisture-measuring instrument for use with 
dehydrated alfalfa and egg powders should also be undertaken.— 
These products must be of very low moisture content to prevent de- 
terioration in storage, and a special instrument would be required to 
measure moisture content in such a low range. 


CROSS REFERENCES—UTILIZATION 


For additional information especially pertinent to the subjects 
reported on in this chapter see also: 


BAIC—b-8, Chapter 12, utilization studies on fruits, vegetables, etc., of the West. 

BAIC—RRL-5-3, Chapter 38, utilization of fruit and nut residues. 

BAIC—BAI—BDI—RM : a-307, Chapter 14, fruit byproducts as feed. 

BHNHE—RM: a-12 and b-1-16, Chapter 29, food utilization and preparation. 

BHNHE—RM: a-13, Chapter 29, family food consumption. 

BHNHE—RM: a-345, b-1-17, and b-—2-2, Chapter 29, distribution of nutrients 
in foods and nutritive value. 


C. MARKETING 


Price, SUPPLY, AND CONSUMPTION ANALYSIS FOR FarRM PropDUCTS (FRUITS AND 
TreE Nuts) 


(BAE—A-2-7——Federal—Regular Funds) 


(Related work in these projects is discussed in other commodity chapters and 
in Chapter 27, Prices and Income) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
fruits and tree nuts and (2) make the results available through regu- 
lar publications and on special request to farmers, Government agen- 
cies, and the general public. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-7—Analysis of current situation and outlook for fruit. To 
(1) appraise the current and prospective economic position of fruits 
and tree nuts; (2) carry on the statistical and analytical work necessary 
thereto, and (3) make the results available through regular publica- 
tions and on special requests, to farmers, Government agencies, and 
the general public. The Fruit Situation is prepared and issued under 
this line project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See this topic under project A-2-7 in Chapter 27: Prices and 
Income. ) 


D. FUNDS—ANNUAL EXPENDITURES 


Expenditures on this work during the 1950 fiscal year (all on regu- 
lar budget) amounted to about $15,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Government programs aided—During the 1930’s many special 
statistical materials and analyses were provided for use in Government 
programs, particularly marketing agreements under the Agricultural 
Adjustment Administration. 

Basic and war facts on citrus compiled and published —Basic data 
on world citrus production and trade were assembled in a special 
report, The World Citrus Situation (1939). A report, Citrus Fruit 
During World War II, was released in 1950, containing basic infor- 
mation on the programs and regulations affecting the production, 
movement, and prices of citrus fruit during World War IT. 

A basic statistical handbook on fruits, Production and Consumption 
of Fruits, 1909-40, was published in 1948. 


F. ADDITIONAL WORK NEEDED 


Development of improved forecasting relationships are needed for 
many of the individual fruit items. 

Further statistical analysis is needed to discover competitive re- 
lationships between the fresh, canned, and frozen forms of the various 
fruits. 


Economic significance of relationships between the product weight 
of processed fruits and fruit juices and the weight of the raw products 
should be explored. 

Further improvement on the long-time historical series of per capita 
fruit consumption is desirable for the purpose of improving analysis of 
long-time trends. 
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ConsUMER PREFERENCE ResEarcu (Decipvous Fruits) 
(BAE-OES-BHNHE—RM-c-31—F ederal-State—RMA Funds) 


(Related consumer preference research by BAE on other commodities is discussed 
in other commodity chapters. Consumer preference research conducted by 
BHNHB and OES, as well as line projects of BAE involving more than one 
commodity, are discussed in the general statement on consumer preference 
research in Chapter 26, Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To study (1) consumers’ information about and (2) preferences 
among diferent deciduous fruits. Current work is designed especially 
to find out the extent to which competition from other fruits is respon- 
sible for the decline in per capita consumption of apples during 
the last decade and some of the reasons for shifts in consumption from 
apples to other fruits; to find out how small apples, for which most 
of the former export ‘market has disappeared, can be utilized most 
economically in the United States; and to find out whether consumers 
know how to ripen winter pears satisfactorily after they have bought 
them, or whether the pears should be sold only after they are ripe. 
Such research should ultimately improve the net incomes of growers, 
and give consumers a product more satisfactory to them. 

B, CURRENTLY ACTIVE LINE PROJECT 


. 


RM: c-31-18—Consumer preferences for apples and winter pears. 
To = information on competition among fruits, purchase of 


apples in relation to use, home storage of apples and pears, sale of 
small apples, ete. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was authorized to make studies of this general type 
by the Research and Marketing Act of 1946, and this Tine project 
started in December 1948 was approved by the RMA Deciduous Fruit 
Advisory Committee. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Consumer preference research on deciduous fruits undertaken by 
BAE during the fiscal year 1950 cost $6,500 from RMA funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Supplying of consumer preference information to fill long-standing 
gaps.—Retail store experiments carried on by some State colleges and 
certain work in the Department regarding costs and margins in re- 
spect to apples will be complemented by this study of consumer pref- 
erences on a national scale. No other consumer ‘preference work of 
this type has yet been done. It will extend to apples and winter pears 
the survey techniques which have been so successful with other com- 
modities. A few findings are that 80 percent of all homemakers have 
some one favorite fruit. One-third of these prefer apples, one-third 
favor oranges, and the remaining third have preferences scattered 
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among a large list of other deciduous and citrus fruits. Chief reason 
for preferring apples is the versatility of use to which they can be put. 
Preferred varieties are the Delicious for eating raw, the Jonathan for 
general use, and the Greening for cooking. Many other findings are 
contained in the report, Consumer Preferences for Apples and Winter 
Pears, Agricultural Information Bulletin No. 19. 


SOME ADDITIONAL WORK NEEDED 


Expansion to cover other commodities and other uses.—Patterns 
of preference and use among commercial bakers and other industrial 
consumers of fruit and fruit products should provide valuable in- 
formation for the deciduous-fruit producers and the associated 
industries. Furthermore, the present work on apples and pears could 
well be extended to cover other deciduous fruits, in both fresh and 
processed stage and for both household and industrial consumers. 


MEASUREMENT OF Costs AND Marotns IN MaArKetrine Farm 
Propucts (Drcipvous Frurrs) 
(BAE-OES—RM.: c-—163—Federal-State—RMA Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 26, Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure costs and margins in marketing deciduous fruits and 


to analyze factors affecting margins, thereby to provide the basis 
for suggesting ways and means of bringing about more efficient and 
> on 7 So 


orderly marketing, and reducing the price spread between the pro- 
ducer and the consumer. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-163-3, (BAE)—Shenandoah Valley apple study (State co- 
operation). A study into the efficiency and adequacy of facilities for 
marketing Shenandoah Valley apples. 

RM : c—163-4, (BAE)—Studies into the efficiency of performing 
specific marketing services (State cooperation). A study of the effi- 
ciencies of labor utilization in apple and pear packing and processing 
plants in Oregon, Washington, and California; relationship of labor 
requirements to plant lay-out, flow of materials, and other factors that 
have a bearing on the efficiency of labor use for the plant operations. 

RM: c-163-4—A study for developing adequate methods and tech- 
niques for the handling of bananas shipped from Puerto Rico to the 
continental United States. Study made by Puerto Rico. A study 
of handling methods, costs, and margins in marketing Puerto Rican- 
grown bananas in the United States. 

RM: c—163-12—Marketing margins for selected processed fruits 
and vegetables (deciduous fruits). The primary objective of this 
study is measurement of average marketing spreads existing be- 
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tween growers of raw produce and consumers of the same commodi- 
ties in the canned or frozen form. Items included are canned cling 
peaches, freestone peaches, and Bartlett pears, and frozen peaches 
and strawberries. The initial report relating to margins above the 
processor level has been published. A breakdown of processing costs 
and grower returns is ‘alin prepared as a sequence to the first 
release on the project. 

RM: c-163-13—Farm-to-retail margins at different levels of trade 
for Appalachian apples sold in specified cities (State cooperation). 
A study of packing, cold storage, selling, and hauling costs involved 
in moving Appalachian apples into selected eastern markets. 

RM: c—-163-16—Costs and margins study on Indiana apples (State 
cooperation). A study of prices paid and received by handlers and 
service agencies engaged in marketing Indiana apples; determina- 
tion of cost components and the relationship of specific costs to spe- 
cific services in moving apples from the farms to the consumers in 
Indiana. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was directed to make studies of this general type 
by the Research and Marketing Act of 1946, and these specific line 


— were recommended by the Deciduous Fruit Advisory 
Yommittee. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The cost of RMA projects on costs and margins in marketing 
deciduous fruits undertaken by the Bureau of Agricultural Economics 
during the fiscal year 1950 was $39,700, and $7,600 in 1949. (See 
Measurements of Costs and Margins of Marketing Farm Products, 
in ch, 26, Economics of Marketing.) 


E. EXAMPLE OF OUTSTANDING ACCOMPLISHMENTS 


The grower’s share of the consumer's dollar spent for Washington 
Delicious apples in Chicago was 15.7 cents in December 1947, 35.4 
cents in December 1948, and 7.3 cents in December 1949. Variations 
in “on tree” prices for Washington Delicious apples were not reflected 
in proportionate changes in Chicago retail prices for the fruit during 
October, November, and December of the 1947, 1948, and 1949 seasons. 
Analysis of data supplementing the 1947-48 study of farm-to-retail 
margins for Washington apples shows that in certain instances 
spreads between prices received by the grower and prices paid by 
consumers narrowed when farm prices rose and widened when they 
declined. 


F. SOME ADDITIONAL WORK NEEDED 


A continuation of a selected group of studies designed to measure 


marketing margins and costs, development of a limited amount of 
research into sampling techniques, and the initiation of a pilot study 
of managerial policies and practices that affect the operating efficiency 
of fruit and vegetable processing plants. 
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Reeronat Marketing Researcu on Froirs aNp VeGeTaBLes (OTHER 
Tuan Cirrus anp Poratrors)—(Drcipuovus Fruits) 


(BAE, BEPQ, BHNHE, BPISAE, FCA, PMA—RM: b—165—Federal-State—RMA 
Funds) 


(For work in cooperation with States under regional projects. Nos. MCM-2, 
NEM-2, WM-2, WM-3, SM—4, WM-8, NEM-3, SM-3, see Chapter 39. Related 
work in this project is discussed in Chapter 14: Vegetables. ) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the marketing of deciduous fruits (other than citrus and 
potatoes) in the regions. “This includes segregating the marketing 
factors that affect demand and consumption and working out ways 
in which consumption might be increased ; ascertaining consumer 
preference in terms of kinds and qualities and methods of packaging 
and handling, with a view to better adapting production and market- 
ing policies and practices to the wishes of consumers; and improving 
the efficienc y and reducing the costs of marketing through the various 
methods, channels, and processes, to the end that consumers might be 
benefited and returns to growers increased. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-165-2—Investigation of quality of fresh fruits moving 
through wholesale and retail markets to consumers. To determine 
the degree of different types of deterioration in fruits found at mar- 
ket centers in the North Central States. To determine palatability 
and cooking quality of unspoiled portions from deteriorating samples. 

RM: b-165-5—Determine responsibility for bruising of apples and 
develop means of delivering apples of improved quality to consumers 
at minimum costs. To determine when and how bruising occurs 
and develop means of preventing it so as to improve the market ap- 
pearance and quality. 

RM : b—-165-6—Influence of consumer acceptance on the marketing 
of Midwestern apples. To discover the marketing practices and other 
conditions necessary to maximize the sale of and returns from apples 
in retail stores. Comparisons of price and quality will be made for 
apples and for selected competing commodities in a selected sample 
of retail stores in Detroit. 

RM: b-165-8—Improving the marketing of Western deciduous 
tree fruits. A controlled retail-store experiment is being conducted 
in 12 stores in Milwaukee to determine consumer acceptance of peaches 
that have varying degrees of ripeness. 


C. HISTORY AND EVOLUTION OF THIS WORK 


See Chapter 14: Vegetables. 
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D. FUNDS—ANNUAL EXPENDITURES 


3 The following budget includes both fruits and vegetables under 
: RM: b-165 (see Chapter 14: Vegetables) : 












Agency 1948 1949 1950 





{ FCA_. fait j : poventeeeteais $1, 100 | $2, 200 | $3, 700 
; BEPQ....- rite isicn Si 55 ies ore ae 100 |__ eal i 
4 BHNHE ' eet 1, 100 | 2, 700 | 3, 200 
- BAE.. Bide Pee 11, 300 12, 800 | 18, 000 
By PMA.. ‘ ; ali te Ne 9, 700 7, 300 16, 500 
BPISAE_.. ; ; 4, 200 7, 600 16, 100 








Total__- 





7, 500 | 32, 600 , 500 







E. EX 





AMPLES OF ACCOMPLISHMENTS 







Three-fourths or more of all consumer purchases of fresh peaches 
were of ripe or firm ripe fruit—Many consumers paid 6 cents a 
pound premium for ripe peaches over firm peaches. Proportions of 
the various maturities of the peaches received at the retail stores in this 
study differed materially from proportions desired by consumers. 























: These findings were obtained from selected stores in Kansas City, 
: Oklahoma City, Minneapolis, and Milwaukee, during the 1949 peach- 


marketing season. Results of cooperative study were published as 
Consumer Demand for Peaches of V arying Stages of Maturity, by 
the Utah Agricultural Experiment Station. 

A pple-bruising studies showed that more bruising occurred during 
handling from the refrigerator car to the retail store than during load- 
ing of cars or in transcontinental shipment. Factors found to con- 
tribute to bruising during packing were operation of sizers at high 
speeds, use of towel instead of air driers, and use of unlined sorting 
rollers. Use of compressed pulp trays for packing gave three times 
more sound apples than were obtained in the standard box. 
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F. SOME ADDITIONAL WORK NEEDED 











As this project originates with agricultural experiment stations, the 
e lines of work to receive attention will be selected by the technical com- 
2 mittee of workers from the agricultural experiment stations in con- 
sultation with representatives of Federal agencies. The Federal 
agencies will assist as requested by these stations. 


Survey or Marketrine or Frurrs, Frurr Propucrs, anp Tree Nuts 












(BAE-PMA—RM : c-389—Federal 





RMA Funds) 









A. PURPOSE AND NATURE OF CURRENT WORK 










z To (1) discover the factors—such as processing, packaging, pric- 
ing, and other merchandising practices—which affect the movement 
of | fruits, fruit products, and tree nuts into domestic distributive chan- 
nels, as well as into export outlets; (2) discover the factors affecting 


Sake 
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consumption of fruits, tree nuts, fruit products by industrial users, 
such as bakers, confectioners, ice cream manufacturers, and others; 
and (3) assist the fruit and tree-nut industries in obtaining data on 
consumer purchases and prices of fruits, fruit products, “and tree 
nuts, as well as data on the distribution and stocks of these commodi- 
ties in distributive channels for their use in developing merchandising 
programs. 
B. CURRENTLY ACTIVE WORK 


*Consumer purchases of selected fresh fruits, canned and frozen 
juices, and dried fruits (contract) —A private market-research or- 
ganization is furnishing the Department of Agriculture with monthly 
data on volume of purchases, prices paid, average size of purchases, 
and per capita purchases. The data are then analy zed each quarter by 
regions, by type of store through which purchases were made, and an- 
nually by family characteristics and size of city. The data are ob- 
tained from a national sample of about 4,500 families who report their 
purchases at the end of each week. 

*Factors affecting distribution and utilization of tree nuts.—To (1) 
determine the factors affecting utilization of edible tree nuts by indus- 
trial users, such as bakers, confectioners, ice cream manufacturers, and 
others; and (2) determine factors affecting distribution of shelled and 
unshelled nuts through retail stores. 

*Collection of data on availability and inventories of fruits and fruit 
products in retail stores (contract).—To cooperate with fruit-industry 
groups in obtaining data on the availability and inventories of certain 
fresh and proc essed fruits in retail food stores throughout the United 
States. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Production and Marketing Administration initiated the work 
under this project in the fiscal year 1949. The Bureau of Agricul- 
tural Economics joined in the work during fiscal year 1950. 

Confectioners, ice-cream manufacturers, bakers, and other industrial 
users have long formed an important outlet for edible tree nuts. 
Relatively little has been known concerning the reasons for their selec- 
tive utilization of these nuts. At the suggestion of the Tree Nut 
Advisory Committee studies were begun in 1949 to learn the reasons 
for use or nonuse of tree nuts and their products by confectioners, ice 
cream manufacturers, bakers, and other industrial users. An addi- 
tional study of brokers, wholesalers, jobbers, and retailers is discover- 
ing the factors that affect sales of shelled and unshelled tree nuts in 
retail stores. 

The studies of consumer purchasing of fruits, fruit products, and 
dried fruits were started October 1,1949. The data are obtained under 
a contract with a private market- research organization with one-half 
of the funds being furnished by participating industry groups and 
the other half supplied by RMA. Thecontract was made after a study 
of proposals by several market-research organizations. The data have 
been reported monthly and the contract has been amended to continue 
for another year ending September 30, 1951. 


*Line of work for which no symbols have been assigned. 
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The department collected data on retail availability and inventories 
of selected fruits, juices, and dried fruit at approximately quarterly 
intervals during 1949 under an experimental contract with £ private 
marketing-research organization. After that year of the experi- 


mental phase of the contract, which was wholly financed with RMA 
; funds, the industry group believed that these data were of a value that 
: justified a continuation of the contract; the group supplied one-half 


of the cost of the continued service and RMA the other half. 


D. FUNDS—ANNUAL EXPENDITURES 






: RMA funds spent on this project by the Bureau of Agricultural 
: Economics amounted to $78,000 during the fiscal year ended June 1950; 
. expenditures by the Production and Marketing Administration in the 
F same year totaled $25,000. Additional expenditure of $51,000 that 
: year was covered by a contribution from the participating fruit- 
industry group. Expenditures of RMA funds by the Production and 
Marketing Administration in 1949 were $38,000; but no funds were 
spent on this project by the Bureau of Agricultural Economics that 
year. No regular funds have been used in this work. 








E, EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 








































Distribution of information.—The Department has published a 
monthly series, Consumer Purchases of Selected Fresh Fruits, Canned 
and Frozen Juices, and Dried Fruits, for each month, January through 
June 1950. In addition, a quarterly report, Regional Distribution 
and Types of Stores Where Consumers Buy Selected Fresh Fruits, 
Canned and Frozen Juices, and Dried Fruits, was begun in June 1950, 
and a yearly report, Consumer Buying Practices for Selected Fresh 
Fruits, Canned and Frozen Juices; and Dried Fruits, Related to 
Family Characteristics, Region, and City Size, was also published 
that month. The data contained in these reports are being used by the 
industry in making shipment and other marketing decisions. The 
participating fruit-industry groups have decided to support this 
work with matching funds for another year beginning October 1, 1950. 

This project has, for the first time, (1) made available to all ele- 
ments in the fruit industry, large and small, authentic and unbiased 
current information on the purchases of certain fresh and processed 
fruits by consumers; (2) provided a comprehensive picture of the de- 
gree to which these products are available in retail stores in all parts 
of the country; (3) provided similar information on retail inventories, 
these data being available to the entire fruit industry, as well as to 
distributors and retailers; and (4) made possible much sounder mer- 
chandising programs than could ever have been developed in the 
absence of these data. 

New frozen-concentrates industry benefited —This information has 
been particularly valuable in connection with the marketing of frozen 
concentrated juices. This new group of products has developed very 
rapidly over the last few years, and production is still expanding at 
an astounding rate. The movement of these frozen concentrated 
juices in consumers hands in comparison with the rate at which they 
are being processed and in relation to.competitive products, both 
soto ad fresh, and the information on the extent to which they 
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are becoming available in retail stores throughout the country has 
proved to be ‘extremely valuable marketing information. 


F. SOME ADDITIONAL WORK NEEDED 


Analyses as the data accumulated.—The data obtained from the 
panel of families can be useful in analyzing the factors affecting de- 
mand for the particular fruits included in the consumer purchase 
studies. As the length of the time series increases, the value of the 
data increases and further analysis becomes possible. Analysis of 
data on the effect of purchases of frozen concentrated orange juice, on 
purchases of canned single-strength juice, and fresh oranges is under 
way on a small scale and should be expanded. Its purpose is to fore- 

rast the pattern of consumption in the future by specific areas and to 
measure the effect of the introduction of frozen concentrated juices. 
The sample on which these data are based should be converted to a 
random sample by using the random-sampling method. Steps in this 
direction are going for ward under the 1951 appropriation. 

Extension of coverage.—In spite of the value of this work, it has 
had its limitations. During last year, when the work was financed 
jointly by industry and the Department, the project was limited to 
obtaining information on fresh citrus fruits, canned and frozen juices 
of all kinds, and dried fruits, because funds were available only from 
the citrus- and dried-fruit groups. Additional groups have indicated 
a wish to participate during the current year, but the work should be 
extended still farther to include the whole r ange of fresh, canned, and 
frozen deciduous fruits. 

Collection of data regarding purchases by institutional users —As 
it is estimated that institutional use accounts for 15 to 25 percent, or 
more, of various fruits and fruit products, it is essential that infor- 
mation on the movement into this outlet be obtained if a complete 
picture of the marketing of these commodities is to be had. 

Collection of data on tree nuts.—The same kinds of information 
with regard to movement and distribution should be collected and dis- 
tributed on tree nuts. Because of the importance of the utilization of 
tree nuts by industrial users, such as bakers, confectioners, and ice- 
cream manufacturers, any data on movement at retail should be sup- 
plemented by information on movement to these industrial users in 
order to provide a comprehensive picture of tree-nut marketings. 


Mernops or HANDLING, TRANSPORTATION, AND STORAGE or Decipuous 
Fruits 


(BPISAE—b-8-I—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop means of evaluating maturity, to investigate meth- 
ods of harvesting, handling, packing, precooling, storing, and trans- 
porting deciduous fruit, and (2) develop the most efficient and eco- 
nomical practices that can be used commercially to deliver to the ulti- 
mate consumer fruit of the best quality in prime condition. The cur- 
rent work is particularly concerned with investigations of protective 
services in rail and truck transportation, methods of transporting 
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frozen foods, determination of maturity of fruits, methods of ripen- 
ing pears, studies on air purification in storages, and prevention of 
grape shattering in transit. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-8-1-1—Maturity of apples; developing means of evaluating ma- 
turity and determining the optimum maturity for various purposes. 
The optimum degree of maturity for storage, shipping, and processing 
differs and it is desirable to develop practical and accurate methods of 

measuring and evaluating the different degrees of maturity. 
b-8-1-2—Maturity of "papee, developing means of evaluating ma- 
1e optimum maturity for various purposes. 


turity and determining t 
Same as under b-8-1-1. 

b-8-1-3—Maturity of plums, peaches, and other stone fruits; devel- 
oping means of evaluating maturity and determining the optimum 
maturity for various purposes. Same as under b-8-1-1. 

b-8—1-4—-Maturity of grapes, berries, and other small fruits; devel- 
oping means of evaluating maturity and determining the optimum 
maturity for various purposes. Same as under b-8-1-1. 

b-8-1-5—Packing and storing deciduous fruit. To determine the 
effect of various types of packing materials on the fruit in transit and 
storage ; the effect of gaseous respiration products on ripening, taste, 
and development of dise: ase ; the effectiveness of air-purification meth- 
ods in removing undesir able gases from storage rooms; and to deter- 
mine the optimum storage temperatures for maintaining fruit in 
prime marketing condition. 

b-8-1- 6—Precooling and transportation of deciduous fruits with 
particular reference to refrigeration in transit during warm weather 
and protection against freezing in cold weather. To determine the 
effective, practical, and economical methods of precooling, and the 
most desirable refriger ation, V ventilation, or heating service to insure 
delivery of high quality fruits to the market. 

b-8-1 1-7—Ripening fruits to secure maximum quality; changes in 
composition during ripening and storage. ‘To determine the best tem- 
peratures to ripen ‘fruits to obtain the best dessert quality for market 
or processing, and to determine the effect of new insecticidal sprays 
on ripening, storage life, and quality of fruit. 

b-8-1 1-8— Investigations on the most efficient utilization and opera- 
tion of cold-storage facilities for apples and pears in the Pacific North- 
west. To study different types of cold-storage plants, methods of 
stacking to provide air circulation, and the use of pallets. 

b-8-1-9—Testing different kinds of refrigerator cars for effective- 
ness in protecting heavy loads of fruits moving under ventilation, 
refrigeration, and heater service. To determine the effectiveness of 
improved draft gears and underframes in protecting the load from 
breakage and bruising caused by heavy impacts; the effect of heavy 
loads on the pac ‘kages | in the bottom layer; and the effect of the tight- 
ness of the load. 

b-8-1~-10—Storage quality of new bud sport varieties of apples. 
Storage tests of bud sport varieties are conducted to compare their 
keeping quality and susceptibility to storage diseases with that of 
parent varieties, 
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b-8-1-11—The effect of hormones applied either before or after 
harvest on eating quality and keeping quality of apples, pears, grapes, 
and other fruits. The effect of growth substances such as naphthalen- 
acetic acid and amy] ester of 2, 4—D on development of scald on apples, 
and of these and other substances on growth and coloring of figs is 
being studied. 

b-8—1-13—Prevention of shriveling of apples in storage; waxing 
Tee and its effect on keeping quality. To test the effectiveness of 
different kinds of wax and methods of application in preventing 
shriveling, and to determine the effect on the physiology and keeping 
quality of the fruit. 

b-8-1-14—-Storage of dried fruit. To study the influence of stor- 
age temperature and length of storage on color, flavor, and “sugaring” 
of dried fruit. 

b-8-1-15—Spray-residue removal from fruit. To develop methods 
of removing excess spray residue efficiently and without injury to the 
fruit. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on the handling, transportation, and storage of deciduous 
fruits became one of the major activities of the Bureau of Plant Indus- 
try when it was organized in 1901 and has continued so to date. The 
early investigations demonstrated that by means of refrigeration it 
was economically practical to prolong the marketing period and to 
transport fresh fruits to distant points in this country and overseas. 
Further studies have resulted in improved design of refrigerator cars 
and their more efficient use during summer and winter months. These 
studies have been extended to truck and air transport. The cold- 
storage requirements for fruits and vegetables have been determined 
and good commercial ee practice established. Studies have been 
made on maturity of apples, pears, and other fruits in relation to 
storage life, quality, and ripening; and maturity standards have been 
developed and put in use by the apple and pear industry. Investiga- 
tions have been made on the effect of various methods of harvesting, 
handling, and packing on bruising and on the importance of bruises 
in relation to keeping and market quality. 


D. FUNDS—ANNUAL EXPENDITURES 
Allotments from 1901 to 1920 ranged from about $5,000 to $25,000, 
increased to $40,000 by 1929, and to $104,520 in 1949. The 1950 allot- 


ment was $92,350. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Refrigeration in storage and transit increased useful life of fruit.— 
Early investigations demonstrated that by means of refrigeration it 
was possible to store fresh fruits for long periods and to ship them 
to all parts of the country and overseas. Most of the practices now in 
use for the storage and shipping of fruits and vegetables have been 
developed by the Bureau of Plant Industry, Soils, and Agricultural 
Engineering working with the storage and transportation agencies. 
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A storage manual, Circular 278, was issued in 1933 and has gone 
through several revisions. This circular gives recommended storage 
practices and is used as a manual by the cold-storage industry. A simi- 
lar publication is being pret for refrigeration in transit. 

Studies on the carbon-diowide-gas treatment of sweet cherries in 
transit have shown that the treatment retards coloring and ripening 
and reduces decay en route to market. Value of gas-treated consign- 
ments often amounts to 25 cents per lug, or about $300 a car, more 
than similar lots shipped without gas. 

Studies on shattering of grapes in transit showed that the most im- 
portant factor was the amount of slack in the load and that damage 
was greatly reduced if the load was tightly squeezed and well braced. 
The results are applicable to some 30,000 carloads that are shipped 
annually. 

Studies on heater protective service for winter shipments demon- 
strated the undesirable effects of excessively high temperatures in 
the upper part of the load and the importance of the use of ther- 
mostatically controlled heaters to avoid such conditions. Evidence 
from these studies was partly instrumental in obtaining an Interstate 
Commerce Commission order for the railroads to provide thermostat- 
ically controlled heater service. 

Studies on air purification in apple and pear storages at Wenat- 
chee have shown that poe ib pte air filters do not remove ethy- 
lene, the principal cause of accelerated ripening, from the air nor 
prolong the storage life of the fruit. Since the cost of installation 
and operation of activated-carbon filters is high these findings are 
important to storage operators. 

Studies on air transport of fruits, vegetables, and flowers have 
shown that pressurized cargo compartments are not needed since these 
commodities were tolerant of elevations of 50,000 feet and rapid 
changes in elevation. Protection from dry, warm air in flight was 
the most important consideration in preventing deterioration. 


F. SOME ADDITIONAL WORK NEEDED 


Development of new refrigeration, storage, and transportation fa- 
cilities. —New equipment and facilities are continually being developed 
and research is necessary to determine their advantages and disad- 
vantages and their best utilization and operation for different kinds 
of deciduous fruits. 

Truck transportation.—The tremendous growth of the trucking in- 
dustry in recent years has resulted in a demand for special research 
on that method of transportation. There is need for studies on de- 
sign, insulation, refrigeration, and methods of loading as a basis for 
improvements in equipment and efficient operation. Work on this 
problem has already been started. 

Air purification —Research is needed on the removal of undesirable 
gases from storages. Studies now being conducted indicate that ab- 
sorbent filters now in commercial use for air purification are not as 
effective as desired. Further studies are needed to develop improved 
filters and methods of purifying the air by controlled ventilation and 
other means. 


78552—51—-vol. 2———13 
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Marker Diseases or Frurrs AND VEGETABLES 


(BPISAE—b-S—-4—Federal-State—Regular Funds) 
A. PROGRESS AND NATURE OF CURRENT WORK 


To investigate the occurrence and causes of market diseases of fruits 
and vegetables, to study the factors that contribute thereto, and to 
develop methods of prevention and control. 

Fruit and vegetable diseases that develop in transit, storage, and 
at the market are responsible for serious lo osses. A survey at New 
York City showed that for the period 1935 to 1942 the spoilage on 
arrival amounted to nearly 3,000 carlots annually. The economic 
importance of spoilage during marketing is even greater than damage 
to the growing crop because of the additional cost of time, labor, 
packing materials, and transportation concentrated in the harvested 
product en route to market. The market-disease studies are conducted 
by the market-disease laboratories at New York and Chicago, at 
field stations and other points in the growing areas, and during ship- 
ment in trains, ships, planes, and ack The organisms causing dis- 
eases are identified, their importance and conditions causing losses are 
determined, and methods for reducing the losses are “Gov ehuped In- 
struction classes are conducted for inspectors and market-disease 
manuals for the important fruits and vegetables are prepared and 
revised periodically. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-8-4-1—Bacterial soft rot of new potatoes and other vegetables. 
To study the organisms that cause bacterial soft rot, to determine the 
relation of temperature and handling practices to infection and 
growth, and to develop methods of control. 

b-8-4+-3—Rhizopus, black rot, and other diseases of sweetpotatoes, 
particularly as affected by washing, waxing, packing, and sone? 
practices. To determine the effect of gr ading, cleaning, and pac 
aging processes and storage practices on the dev elopment of market 
and storage diseases and to dev elop methods of reducing the losses. 

b-8-4-5—Sulfur-dioxide fumigation of California grapes to con- 
trol botrytis rot and other types of decay. To determine the relation 
of time of infection to effectiveness of sulfur dioxide in controlling 
decay and to determine the optimum dosage and number of applica- 
tions of the gas to obtain good control without damaging the grapes. 
Work to be expanded under RMA 413 (ch. 20). 

b-8-4—7—Core browning of Rhode Island Greening and McIntosh 
apples in New York and New E ngland States. To study factors in- 
volved in core browning and develop control measures. 

b-8-4-8—Stylar end breakdown of Persian limes from Florida. To 
study the nature, cause, and methods of preventing stylar end break- 
down of Persian limes. 

b-8-4-11—Apple scald; physiology; rechecking effectiveness of 
control by oiled wraps w ith different kinds of oil and degrees of satu- 
ration. To obtain further information on the physiology of apple 
scald and to develop more effective methods of control. 
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b-8-4-14—Soft scald of apples. To investigate the nature of soft 
scald and methods for its prevention. No work has been done in 
recent years, but there is need for further studies. 

b-8-4-15—Antiseptic treatments for fruits and vegetables; tests 
with different materials and methods of application. To test anti- 
septic materials for effectiveness against various vegetable and fruit- 
rotting organisms, to determine the tolerance of vegetables and fruits 
to these materials, and to dev elop practical methods of using anti- 
septics for the control of spoilage in storage and in transit. 

b-8—4-16—Disinfection of storage houses, field boxes, and baskets; 
tests with different materials and methods of application. To deter- 
mine the need for disinfection, to test the effectiveness of disinfectants, 
and to determine the possibility of the treatment§ causing injury to 
the contents of the treated packages. 

b-8-4-17—Rots of stone fruits in the Pacific Northwest. To de- 
velop methods of controlling brown rot, rhizopus rot, and other de- 
cays of stone fruits. 

b-S-4-18—Storage diseases of peanuts. To identify and determine 
the relative importance of the different fungi and bacteria associated 
with damaged peanuts on the market, to determine their virulence and 
to catalog and describe the characteristic symptoms caused by each. 

b-8S4-19—Control of watery soft rot of beans, celery, and other 
vegetables in transit and on the market. To determine practical 
methods to control this disease in storage and in transit. 

b-8S4—-20—Miscellaneous market and storage diseases of fruits and 
vegetables. To isolate and identify the causal organisms, to deter- 
mine the time and method of infection and the temperature relations, 
and to develop practical control methods of diseases that may appear 
from time to time in market or storage. 

b-8-4-21— Effect of decay organisms on the tissues of fruits and 
vegetables in storage. To determine the histological and physiologi- 
cal effect of various ; dec: ay organisms on the fruit and vegetable tissues. 





C. HISTORY AND EVOLUTION OF THIS WORK 


Investigation of market diseases was formally provided for by the 
establishment of market-disease laboratories in New York City and 
Chicago in 1917. Prior to that time work on diseases causing market 
losses had been conducted as a part of various production-research 
projects. The early work was concerned largely with determination 
of the important diseases that are enc ountered on the market, and the 
nature and amount of the losses caused by them. Later the studies 
were extended to determine the factors at the producing and ship- 
ping point and in transit that contribute to the development of mar- 
ket diseases and to study diseases in storage. The control of diseases 
that may spoil the crop after it is shipped i is even more important 
than protection during the growing period, because the fruits and 
vegetables then represent an investment not only for growing but for 
harvesting, packaging, storage, and transportation. 


D. FUNDS—-ANNUAL EXPENDITURES 


Allotments from 1901 to 1920 ranged from about $5,000 to $20,000, 
increased to $30,000 in 1930, and from $ $33,000 to $48, 000 during the 
past 16 years. The 1950 allotment was $50,780, 
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E, EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Market-disease manuals.—A series of 8 market-disease manuals 
illustrated with color plates and covering the market diseases that 
affect over 20 of the important vegetable and fruit crops were issued 
from 1932 to 1944. These publications gave a comprehensive coverage 
of the knowledge of market diseases, much of which was based on 
investigations conducted under this project. These manuals have 
become recognized as standard guides to market diseases and are con- 
stantly used by research workers, the fruit and vegetable industry, 
the Government. and private inspection agencies, and transportation 
and storage organizations. 

Chemical contrél of citrus decay—The commercially used borax 
treatment for control of citrus decay is based on findings under this 
project. More recent studies have resulted in the development of a 
sodium orthophenylphenate treatment which is more effective than 
the borax treatment. It has been substituted for the borax treatment 
by some packing houses. 

Potato spoilage caused by heat injury.—Studies on potato spoilage 
have shown that much decay is caused by injury from exposure to heat 

rays from the sun. The temperatures and length of exposure that 
‘ause heat damage have been determined. 

Cause of potato lenticel infection determined and corrected.— 
Studies in California and Chicago demonstrated that a certain type of 
bacterial soft rot was caused by bacteri ia being forced into the lenticels 
of the tuber by hydrostatic pressure in deep washing tanks. This type 
of decay was controlled by reducing the time the potatoes were in the 

tank and chlorinating the water. 

Studies on ultraviolet light for disinfecting fruits.—Investigations 
in Florida, C alifornia, and W ashington show ed that ultraviolet light 
was not effective in preventing fruit rdecay. As a result of these find- 
ings large expenditures for ultraviolet treatment in commercial pack- 
ing sheds were avoided. 

Control of apple scald by oiled fruit wrappers.—Research in the 
Northwest lead to the development of oil-impregnated wraps which 
are now in general commercial use for control of apple scald. The 
use of these wraps has been estimated to have increased the sales price 
25 cents a bushel and conservative estimates place the value to the 
American apple industry at over $1,000,000 annually. 

Control of botrytis rot of pears by copper-impregnated fruit wrap- 
pers.—Experiments in the Northwest led to the development of cop- 
per-impregnated wrappers to control gray mold or nest rot of pears. 
These wrappers are in general commercial use and have resulted in 
important monetary savings. 

Control of citrus-fruit decays with diphenyl—Recently experiments 
have determined the effectiveness of diphenyl vapors against various 
rot fungi and demonstrated the value of diphenyhimpregnated wrap- 
pers, box liners, and cardboard cartons for controlling citrus decay. 
These are being used extensively in the marketing of citrus shipped 
from the Southeastern States. 

Control of pineapple decay.—A practical control for black rot of 
Puerto Rican pineapples which was causing up to 25-percent decay in 
transit was developed. The treatment consisted of painting the 
freshly cut butts of the fruit with a disinfectant before they were 
packed. 
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Control of banana diseases—Recent investigations in Chicago and 
in producing areas in Central America have determined the cause of 
an important market disease of bananas and promising results are 
being obtained in control experiments. The treatment cost only about 
one-half cent a box for labor and material and practically eliminated 
the losses. 

Studies on ozone for prevention of apple decay in storage.—Studies 
at Beltsville demonstrated that ozone did not prevent decay or reduce 
infection of wounds and that there was danger of injuring the fruit 
and impairing the flavor. These findings have forestalled the instal- 
lation of expensive ozone generators in many commercial fruit 
storages. 

Effect of carbon dioxide on decay of fruits and vegetables.—Investi- 
gations with 40 different kinds of fruits and vegetables in the North- 
west, California, Texas, and other areas, showed that carbon dioxide 
was effective in controlling decay in plums, peaches, Bartlett pears, 

raspberries, figs, grapefruit, oranges, and sweet cherries. It was 

found that, in "Diesel. a short- period gas treatment was as effective 
in retarding decay and maintaining firmness as immediate storage at 
32° F. and did not impair the flavor. As a result of actual tr anspor- 
tation tests the use of carbon dioxide as a supplement to ordinary 
refrigeration has come into general use by Pacific-coast cherry ship- 
pers ‘and approximately 375, 000 pounds of dry ice are used annually 
for this purpose. The better-quality fruit resulting from the treat- 
ment in some cases commands as much as $300 more per car. 


F. SOME ADDITIONAL WORK NEEDED 


In spite of the extensive studies on market diseases during the past 
30 years much remains to be learned. 

[dentification of new diseases.—The identification of new diseases 
and determination of the factors favoring them is continuous because 
new diseases are constantly being encountered in transit, storages, 
and the markets as new produci ing areas are developed and as the mar- 
ket season is extended for an increasing variety of fruits and vege- 
tables. 

Development of control measures.—Further work is needed to de- 
velop effective and economical controls for many important diseases 
for which satisfactory treatments have not been developed yet and 
to test new antiseptic chemicals as they become available. 

Revision of market-disease manuals—These manuals need to be 
revised periodically to keep them up to date. Three have already been 
revised and revisions of others have been started. 


INVESTIGATIONS OF Metruops or Rupentna Winter Pears Arrer SHIp- 
PING AND Srorinc Berore OFFERING FOR Retain SALE IN Eastern 
MarKeEtTSs AND Deve.orp Tests To Forecast rHe Progress anp Rate 
or RrpeENING 


(BPISAE—RM: c—552—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop practical commercial methods for ripening winter 
pears in transit and at the markets and to develop tests by which the 
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progress and rate of ripening can be followed and the date the fruit 
will be suitable for retail marketing can be forecast. 

Winter pears must be ripened at a moderate temperature before they 
are edible. Many pears on the retail market have not been ripened 
and consumers who buy them for immediate use are disappointed and 
unlikely to make a repeat purchase. Investigations under this project 
are concerned with developing methods by which high-quality ripe 
pears can be marketed with a minimum of delay and | expense at the 
terminal markets, and with developing measures of rate of ripening 
by which the time fruit will reach optimum marketing condition can 
be forecast. 


B. CURRENT ACTIVE LINE PROJECTS 


RM : c—552-1—Develop method of ripening winter pears in transit 
and at the market terminals. To develop methods of ripening the 
fruit while in transit and in cars or special ripening rooms at the 
terminal market and to correlate time, temperatures, and firmness with 
progress in ripening so as to develop methods of forecasting the rate 
of ripening. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The investigations on the handling of pears, their ripening and stor- 
age were begun in 1901 in the Bureau of Plant Industry and the 
results of these ear ly tests were published in 1903 in Bulletin of Plant 
Industry 40. Since then a large amount of work has been done in 
this field covering all of the important commercial varieties. Much is 
now known of the processes that go on in pears as they are stored and 
ripened. Recent work was published i in 1941 in Technical Bulletin 759 
This specific project, dealing with the ripening of pears, was started 
in the fall of 1949. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Funds provided for this project in its first fiscal year, 1950, totaled 
$11,500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Ripening in transit—Transportation tests have shown that by in- 
stalling bunker heaters in the cars at Chicago it is possible to raise the 
temperature of the fruit to 60° F. from an initial temperature of 
about 40°, during the 2 days en route from Chicago to New York and 
thus shorten the 1 ripening period at the market by about 114% days. 

Ri ipening in refrigerator car at the market.—Tests with Oregon 
pears at the New York terminal showed that it was possible to raise 
the fruit temperature from about 41° F. to 65° F. or higher in about 
48 hours by means of bunker heaters and the car fans operated by 
auxiliary motors. This demonstrated that ripening temperatures 
could be obtained in the cars and the expense of transferring the fruit 
to special ripening rooms avoided. 

Ripening test.—Ripening tests with Oregon pears in New York a 
at Beltsville showed that firmness as determined by pressure test wa 
a good measure of ripeness. It was found that fruit with a aretthekor 
test of about 6 to 7 pounds was firm enough to handle without bruising, 
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but, far enough advanced to ripen to good quality in the retail store. 
This information is now in general use by chain stores and other 
agencies that ripen pears for consumers and the pressure tester has 
been of great help in taking the guesswork out of ripening. 


F. SOME ADDITIONAL WORK NEEDED 


More varieties need to be studied —Most of the work to date has 
been with Bose and Anjou pears. The same type of studies should be 
made with Bartlett, Comice, and Winter Nelis. 

The relation of ripeness to bruising needs further study.—Such 
investigations should include all the important winter-pear shipping 

varieties. 

The method of ripening pears in transit and in the cars at market 
needs to be perfected. 


DEVELOPMENT OF Metnops or HANDLING AND Sutpring Peacnes To 
Wipen Disrrisution or Frurr Rirenep to Higner Quariry 


(BPISAE—RM: ¢-553—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop methods of handling and shipping by which it will 
be possible to deliver riper and better-quality pe: aches to the consumers, 
(2) develop a commercially practical index of maturity, (3) deter- 
mine the offe. ‘t of orchard spraying and postharvest fungicidal treat- 
ments on control of decay, and (4) to test new types of packages. 
Peaches shipped to distant markets are generally inferior in quality 
because they are picked too green and because of dee: ay and bruising 
in transit. In order to increase consumer demand and improve the 
market it is essential that practical means be developed of furnishing 
the consumers with a better-quality product. To accomplish this 
studies are being made of possible indexes of maturity, new types of 
packages to reduce bruising damage even when riper peaches are 
shipped, and methods of reducing» decay by use of chemicals and 
refrigeration. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : c—553-1—Develop improved methods for packing, handling, 
and sappins peaches ripened to higher quality. To develop methods 
of marketing riper and higher -quality peaches without excessive losses 
from spoilage and decay 


C. HISTORY AND EVOLUTION OF THIS WORK 


One of the earliest publications of the Bureau of Plant Industry 
dealt with the cold storage of peaches and pears—BPI Bulletin 40, 
1903. Various problems relating to the shipping and handling of 
peac hes have been attacked since then and the results published. The 
findings in respect to storage were published in 1939 in Technical 
Bulletin 680. The present project was initiated in the summer of 1949. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Funds allotted to this project in its first year, 1950, amounted to 
$11,500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Test for maturity —Investigations to date indicate that a practical 
measure for maturity may be developed using combination of color 
and pressure factors. 

Shipping riper peaches.—Results of shipping tests show that peaches 
in the firm mature stage can be shipped successfully and then ripened 
after they reach the market. 


F. SOME ADDITIONAL WORK NEEDED 


A test for maturity that is suitable for commercial use should be 
perfected. 

Development of fungicidal treatments that will control decay in 
transit. 

Development of suitable packages for use in shipping ripe peaches. 


REGIONAL RESEARCH IN MARKETING AND Disrrisputrion From Harvest- 
ING TO Consumers, INCLUDING Processine, OF Fruirs AND THEIR 
Propwcts 


(BPISAE-PMA—RM : c-275—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) assist fruit growers in increasing their returns through bet- 
ter grading and handling practices; (2) assist shippers and packers 
in finding more efficient means of storing, packing, and handling fruits, 
to reduce costs; and (3) benefit consumers through making available 
fruits of better quality in retail markets. This cooperative work 
with the experiment stations in the Northeastern States in the regional 
research project on marketing fruits is directed toward (a) the deter- 
mination, measurement, and maintenance of desirable qualities in 
fruits and their products, (6) adapting the measurements of quality 
for possible use in the United States standards and grades, (¢) deter- 
mining the grade of various lots of fruits used in connection with 
the work of experiment stations, and (d) determining the amount of 
deterioration and the effect of such deterioration in quality of fruits, 
particularly apples and peaches, upon market acceptance. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-275-1—To study internal defects, wastage due to bruising 
and other injuries, and effect of methods of packaging on northeastern 
fruit marketed in New York, Baltimore, and Washington areas. To 
analyze samples of northeastern fruits collected in the markets for 
uefects and causes of the defects, 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The introduction of new varieties of fruits, expanded use of motor- 
trucks, development of consumer packages, and other new develop- 
ments have affected cost, deterioration, quality, and consumer accept- 
ance. BPISAE and PMA have cooperated with the States in analysis 
of samples of northeastern fruits on the markets in New York City, 
Baltimore, and Washington in regard to grade, causes of deteriora- 
tion, cost, and consumer acceptance. Such information obtained in 
the market channels will assist the States in instituting corrective 
measures in the producing areas. 


D. FUNDS—-ANNUAL EXPENDITURES 


| PMA | BPISAE | Total 
1949 ‘ ” uae $100 $950 | $1, 050 
~~ PT RTARTA TIS 3,000 2, 000 | 5, 000 





E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Storage and packaging tests with cranberries have shown the best 
storage temperatures, how long this fruit will keep under ideal condi- 
tions and the disorders that may be encountered due to storage tem- 
perature, time stored, or smothering. This has enabled cranberry 
producers and marketing agencies to improve storage practices, reduce 
spoilage losses, and thus reduce their costs. 

Storage tests with Maine-grown McIntosh apples in New York failed 
to show any benefits from air purification by means of activated char- 
coal filters. ‘These results were in line with those obtained in more 
extensive studies at Wenatchee, Wash. 

Lots of peaches followed from shipping points in New Jersey and 
Maryland through the marketing channel to the New York City 
wholesale market indicated that, on the average, growers and shippers 
were removing during the packing process only a small percentage 
of grade defects found in peaches at the orchard. This was found 
to be one of the principal reasons for the poor condition of New Jersey 
and Maryland peaches upon arrival in New York. 


F. SOME ADDITIONAL WORK NEEDED 


Further work should be done on the effect of air purification on 
storage of various kinds of northeastern fruits. 

Tests should be continued on cranberries and investigations should 
be initiated on other northeastern fruits such as blueberries, currants, 
etc, 

Preliminary work relating to the bruising of apples offered for sale 
in retail stores in Portland, Maine, indicates the desirability of addi- 
tional work to associate such bruising and deterioration with methods 
of handling and determining effects of such bruising upon market 
acceptance. 

In connection with the work on peaches conducted in New Jersey 
and Maryland, additional research is needed to determine the extent 
to which defective peaches may be removed before shipment from pro- 
ducing areas without incurring prohibitive costs. 
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IMPROVING THE Marketrinc MetrHops AND DistriIpuTion or Fruits 
AND VEGETABLES 


(PMA—Federal—Marketing Farm Products Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To make available to growers, shippers, handlers, and others data 
and material upon the preparation of fresh fruits and vegetables for 
market and material describing those characteristics responsible for 
desirable qualities in fresh produce, particularly as such information 
relates to grading and standardization. In making such informa- 
tion available generally to the public, bulletins have been prepared 
describing the preparation of produce for market, latest recommended 
practices used in the harvesting, grading, packing, loading, and dis- 
tributing. These bulletins are particularly valuable and save time 
in answering specific inquiries and correspondence relative to market 
preparation, grading, handling, and standardization. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


In order to bring the current bulletins on strawberries and peaches 
up to date and incorporate descriptions of new practices, work is 
proceeding on the revision of Farmers’ Bulletin 1560, “Preparing 
Strawberries for Market,” and Farmers’ Bulletin 1702, “Preparation 
of Peaches for Market.” ‘The former was completely rewritten and 
has been submitted for publication. Field study is being conducted 
on the latter for the purpose of gathering new material and new 
photographs. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Shortly after the inauguration of the standardization and ee 


program of the Department, it was realized that methods would have 
to be developed for acquainting industry representatives, inspectors, 
State marketing officials, and other interested parties with the pur- 
poses of the program and the best methods for achieving them. Vari- 
ous staff members, therefore, were assigned to write publications deal- 
ing with marketing and preparation of products for market. Special- 
ists who had worked on the development of standards for certain 
products were especially qualified to prepare publications dealing 
with marketing and the preparation of the products for market. 
Such material was often prepared during the winter months, when 
field work pertaining to the development of standards could not be 
conducted. 


D. FUNDS—-ANNUAL EXPENDITURES 


Funds for this work over the years have averaged around $15,000 
to $20,000 annually. However, in the past 2 years the need for fruit 
and vegetable standardization work has resulted in some reduction 
inthisactivity. In 1950, about $10,000 was used for this work. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The data and information on preparation of fruits and vegetables 
for market and the description of harvesting, grading, packing, load- 
ing, and distributing practices have been eaaaamial in bringing 
about improv ements in the handling of fruits and vegetables. "The 
bulletins have been useful in providing producers, pac ‘kers, handlers, 
consumers, teachers, and others with information on the accepted 
and best practices in the handling of these commodities. 

The Department has always had a great demand for bulletins or 
leaflets which show and describe diagrams of the packs of fruits 
and vegetables where certain arrangements are necessary in order 
to obtain the desired sizes and counts. Farmers’ Bulletin 1457, 
“Packing Apples in Boxes,” and Farmers’ Bulletin 1291, “Prepara- 
tion of Fresh Tomatoes for Market,” are examples of publications 
of this type. Packing house foremen in shipping areas often use 
the diagrams of the various packs to show their workers the proper 
methods of packing commodities in standard containers. 

Perhaps the bulletin which has had the widest distribution is 
Miscellaneous Publication 167, “A Fruit and Vegetable Buying 
Guide for Consumers.” This bulletin was first issued in 1933, was 
revised in 1941 and again in 1948. It is very much in demand. It 
describes those qualities consumers and other buyers should look for 
in selecting fruits and vegetables. 

Another popular bulletin is Miscellaneous Publication 604, “Stand- 
ardization and Inspection of Fresh Fruits and Vegetables,” which 
was released in 1946. It has been of particular interest to those 
desiring to learn the history of the development of standardization 
and inspection for fresh fruits and vegetables, and has been useful 
in disseminating knowledge as to how ‘standards are developed and 
applied. 


F. SOME ADDITIONAL WORK NEEDED 


The bulletins entitled “Packing Apples in Boxes” and “Preparing 
Apples for Market in Barrels and Baskets” need revision and bringing 
up to date. They should be consolidated. This work needs to be 
done in order to bring together information and data relative to new 
dev re and pr actices in apple marketing. 

Study is needed also preparatory to the writing of bulletins on a 
number of products not now covered by departmental bulletins, such 
as peas, broccoli, plums and prunes, and pears 


CROSS REFERENCES—-MARKETING 


For additional information especially pertinent to the subjects 
reported on in this chapter see also: 


BAE—A-2-5 and RM: c-32, Chapter 27, consumption of canned fruits and 

ae 
-2-16.1 to 24.1, Chapter 26, research and analysis for serving current 

seabnas on fruit marketing. 

BAE—RM: c-168, Chapter 19, transportation costs and economic effects. 

BAE—RM: c-205 and a—2-16, Chapter 26, marketing practices. 

BAE—RM: a-417, Chapter 26, market outlets for apples, peaches, and apricots 
used in pies. 
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BAE—PMA—OES—BHNHE—BAIC—BDI—BPISAE—BEPQ—RM : a-c-518, 
Chapter 26, technological changes affecting marketing and utilization. 

BAE—Chapter 32, reports on crop and livestock estimates. 

BAE—Chapter 33, commodity market news service. 

BAIC—RM: a-421, Chapter 19, temperature requirements of frozen fruits in 
warehouses and in transit. 

BEPQ—RM: c—304, Chapter 14, insect debris in processed fruits and vegetables. 

EXT—RM: c—95, Chapter 37, fruit marketing. 

EXT—RM: c-96, Chapter 37, consumer education on apples, cherries, apricots, 
ete. 

EXT—RM: c-98, Chapter 37, new market information and basic data. 

EX T—Chapter 37, educational work in marketing fresh fruits. 

FCA—a-1-4, Chapter 14, assistance for fruit and vegetable cooperatives. 

FCA—RM: c—84, Chapter 14, merchandising products processed by horticultural 
cooperatives. 

BPISAE—e-2-3, Chapter 30, storage structures and equipment. 

BPISAE—e—3-4, Chapter 30, farmers cooperative fruit and vegetable freezing 
plants. 

BPISAE—RM: a—45, Chapter 14, decay in transported fruits and vegetables. 

BPISAE—RM: c-52, Chapter 20, refrigeration at source and market. 

BPISAE—RM: c-217, Chapter 36, improved processing facilities for rural plants. 

BPISAE—RM: c—294, Chapter 37, bibliography on biology and handling. 

BPISAE—RM: c-—413, Chapter 20, cold storage of apples, grapes, etc. 

BPISAE—RM: c—514, Chapter 20, cold storage of edible nuts. 

OFAR—Chapter 23 (especially RM: c-2 and RM: c—544), foreign competition 
and markets. 

PMA—Chapter 35, administration of U. S. Warehouse Act. 

?’MA—Chapter 34, development of grades and standards for fresh fruits, fresh 
vegetables, nuts, and miscellaneous products. 

PMA—Chapter 19, freight rates for farm products. 

PMA—Chapter 34, inspection of fresh fruits and vegetables. 

PMA—Chapter 35, marketing regulatory acts applicable to fruits and vegetables. 

PMA—Chapter 36, obtaining adequate marketing, storage, and transportation 
facilities. 

PMA—Chapter 34, processed fruit and vegetable inspection. 

PMA—FCA—OES—BPISAE—RM: a-c-44, Chapter 36, prepackaging of horti- 
cultural products. 

PMA—FCA-RM: c-75, Chapter 36, market facilities, organization, and equip- 
ment. 

PMA—RM : c-85, Chapter 34, grades and standards. 

PMA—RM.: c-86, Chapter 36, expanding market outlets, ete. 

PMA—RM: c-106, Chapter 36, improving distribution methods and practices. 

PMA—BAE-RM: c-133, Chapter 34, adequacy of grades and standards. 

PMA—RM: c-167, Chapter 19, peach transportation. 

PMA—RM: c—286, Chapter 19, standards for containers. 

PMA—RM: c-387, Chapter 34, consumer grades. 

PMA—RM : 3-430, 481, 482, Chapter 36, marketing service programs. 

PMA—RM: c—448 Chapter 33, market information on frozen foods. 

PMA—RM: c-55, Chapter 33, improving wholesale market news. 

PMA—RM: c-157, Chapter 33 developing retail market news. 

PMA—RM: c-441, Chapter 19, obtaining equitable and reasonable transporta- 
tion rates. 

OES—Chapter 39, cooperative regional marketing research and research at State 
experiment stations. 
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VEGETABLES 
Chapter 14—Part II 


ForEWoRD 


This chapter includes principally reports on research work with 
vegetables (excluding white potatoes), classified under the three broad 
divisions of production, utilization, and marketing. Under produc- 
tion are placed the reports dealing with cultural practices, breeding or 
improvement, and insect and disease control; under utilization, those 
concerned with fundamental studies as well as those designed to de- 
velop new and expanded uses as human food, for industrial purposes, 
or for livestock feed ; under marketing, those on grades and standards, 
quality preservation in marketing channels, price, supply, and con- 
sumption analysis, costs and margins and regional marketing research. 

Cross-references are listed at the end of each of the three divisions. 
They point out sources of other information in part II directly con- 
cerned with vegetables, or which is of possible value to those interested 
in vegetables. These references provide the basis for a more com- 
prehensive picture of the Department’s work with vegetables. 
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A. PRODUCTION 


Western Lerruce AND MEeton Diseases AND IMPROVEMENT 
(BPISAE—b-4-4—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To control melon and lettuce diseases in the West through breeding 
or other means in order to eliminate the heavy losses they cause and 
maintain the basic economy of large farm enterprises in the seriously 
affected areas. Breeding of disease-resistant varieties is in progress. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b4+-4-1— Breeding and testing disease-resistant and better adapted 
lines of lettuce for the West. To breed high-quality head lettuce varie- 
ties resistant to brown blight, lettuce mildew, big vein, or other dis- 
orders and adapted to the specific soil and climatic conditions and to 
seasonal market requirements for lettuce in the Western States. 

b44+-2—Breeding and testing disease-resistant melons for the 
West. To breed high-quality cantaloups and other melons resistant 
especially to mosaic and powdery mildew. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was started in the early 1920's to conquer the brown 
blight and mildew that were threatening to wipe out the western 
lettuce industry and the powdery mildew that was rapidly destroy- 
ing the melon industry of the Southwest. Upon the finding of re- 
sistance to lettuce brown blight and mildew it has been bred into a 
large number of varieties and strains of superior quality and adapt- 
ability to specific sections of the West and to specific seasons of har- 
vest. Muskmelons resistant to race 1 and later to races 1 and 2 of 
powdery mildew have been developed for the Netted Gem type. Few 
specific projects have shown such spectacular success and have so 
literally rescued large industries from virtually certain destruction. 
The long series of Imper ial varieties of lettuce and the successive im- 
provements in mildew-resistant cantaloups produced during nearly 
20 years have been outstanding examples of the economic value of 
plant research. The Southw est. is again threatened with loss of its 
melon industry—this time from mosaic. Therefore, emphasis is now 
largely on breeding mosaic resistance into the mildew-resistant melons, 
with secondary attention to lettuce breeding. Outstanding though 
the practical results have been, there has been too little opportunity 
in the work to develop the basic scientific phases to aid workers else- 
where, and in the future. For example, brown blight has been con- 
trolled by breeding without ever discovering the cause of the dis- 
order. 
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D. FUNDS—-ANNUAL EXPENDITURES 


During the 1920’s about $9,000 to $10,000 of Federal funds annually 
were expended on this work, in the 1930’s about $16,000, and in the 
1940’s $20,000; in 1950 the expenditures were about $23,000. The 
farmers and shippers of the Imperial Valley, Calif., furnished land, 
water, much equipment, and labor worth several thousand dollars 
annually. The work could not have been done with the Federal re- 
sources available. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Imperial lettuce varieties —Most of the lettuce grown in the United 
States is of one variety or another developed in this work. Without 
the Imperial strains—or their equivalents—there would be no such 
lettuce industry as has been developed in the West, which supplies 
most of the United States the year round. 

Powdery mildew-resistant cantaloups.—These varieties are vir- 
tually the only ones that can be grown satisfactorily in the Imperial 
Nae The industry literally stands on the results of this project’s 
Work, 





F. SOME ADDITIONAL WORK NEEDED 


Big vein of lettuce. The cause and means of control of this in- 
creasingly prevalent disorder remain unknown. While not disas- 
trous, it is serious and causes losses annually. 

Aster yellows is rendering lettuce production unprofitable in a 
rapidly increasing number of localities. The only known lettuce rela- 
tives resistant to it cannot now be crossed with lettuce to transfer the 
resistance to lettuce. 

Powdery mildew resistance of melons needs to be incorporated into 
all the commercial types. 

Basic work on breeding behavior and disease reactions of lettuce, 
melons, and related species is needed to facilitate the solution of prac- 
tical breeding problems involved in developing resistance to specific 
cliseases in commercial types. 


Meton Insecr INVESTIGATIONS 
(BEPQ—I-d-17—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop methods for the control of 
insects that affect melons and related crops. Melons, cucumbers, or 
squash that are infested are unfit for food. The pickleworm and 
melonworm shorten the season of these crops in the South, and make 
the successful production of fall squash and cucumber extremely dif- 
ficult in both the North and South. Besides destroying the foliage 
and fruit, aphids and beetles carry diseases to the plant and distribute 
the disease within the fields and from field to field. The work involves 
studies on the seasonal habits of these insects as an aid to the intelli- 
gent use of insecticides. It includes the testing of insecticides in 
search for chemical control methods that will protect the crop and 
will not leave harmful residues on, or affect the flavor of, the marketed 
product, or contaminate the soil. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-17-1—Seasonal occurrence and habits of the pickleworm in re- 
lation to control measures. To find out the habits of this elusive 
and destructive insect, where the adult lives, and how the insect sur- 
vives the period when its known food plants are not available. Knowl- 
edge of these facts should be helpful in the development of control 
measures. 

I-d-17-2—Control of the pickleworm on cucumbers and related 
plants. This work consists chiefly of (1) field experiments with in- 
secticide dusts to determine their effects on the pickleworm, plants, 
and soil; (2) when to apply them; and (3) how to obtain best results 
without leaving harmful residues on the marketed product. 

I-d-17-3—The beet leafhopper as a _ of melons. To determine 
the relationship between the beet leafhopper and the stunting and 
dying of cantaloup plants in the Southwest and to develop methods 
of control. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Incidental studies on the melon aphid and cucumber beetle were 
made from 1908 to 1920, and an investigation of the striped cucumber 
beetle was made in Wisconsin during 1917-28. The melon aphid car- 
ries mosaic disease, which causes premature ripening and off-flavor in 
melons, and the striped cucumber beetle transmits a wilt disease that 
kills the plant outright. . 

Experiments on the control of the melonworm and pickleworm 
were conducted on a small scale during the fall seasons from 1932 
to 1938. They attack the crop at the same time, feeding on foliage, 
flowers, and fruits. A common habit is the development of the worms 
within the fruit. The early crop of melons, cucumbers, or squash in 
the South is shortened by the appearance of these worms in the fruits, 
and in the early summer and fall the insects are particularly trouble- 
some from New York southward. 

With the development of a mildew-resistant cucumber by the 
pathologists, there was a demand for methods of control of the melon- 
worm and pickleworm and a full-scale investigation was started in 
1949 with headquarters in Charleston, S. C. 

In Arizona in recent years a stunted growth of cantaloup has become 
more pronounced. Experiments have shown the beet leafhopper to be 
responsible for some of the trouble. Experiments were started on this 
problem in 1948. 


D. FUNDS—ANNUAL EXPENDITURES 


Records of expenditures prior to 1931 are incomplete, but they 
averaged about $4,000 per year from 1915 to 1919. Annual expendi- 
tures for fiscal years 1932-38 averaged about $5,000; no funds were 
expended in fiscal years 1939-47, and expenditures were about $6,000 
and $12,000 in 1949 and 1950, respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Nicotine dust developed from melon aphid control—The nicotine 
dust treatment resulting from this work was the most satisfactory and 
generally used remedy for melon apid control on cantaloups and cu- 
cumbers for more than 20 years. 
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Nicotine-copper sulfate-lime dust found to control striped cucumber 
beetle.—Nicotine-copper sulfate-lime dust was found a fairly satis- 
factory remedy under certain weather conditions for striped cucumber 
beetle on the seedling crop. 

Found cause for stunted and dead cantaloup plants —Cantaloup 
plants were found to be killed if fed upon when a few days old by 
beet leafhoppers carrying curly top disease. Older plants survive but 
become stunted. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to continuation of the current research there is an im- 
mediate need for work on control of squash bug and squash vine borer. 
Both of these insects are destructive to squash. The squash bu 
punctures the vines to feed. This causes the plants to die. The squas 
vine borer burrows into the vines. No satisfactory methods are avail- 
able for control of either of these insects, both of which have increased 
their range in recent years. 


Onion BREEDING 
(BPISAE—b-—4-8—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop varieties of onions that are resistant to various diseases 
and insects, are high yielding, and are well adapted to the different 
onion districts of the United States. The current work is directed 
primarily toward the development of foundation stocks of onions that 
can be used in the production of commercial hybrids. The more 
fundamental work stresses the inheritance of characters that are 
important in an onion-breeding program. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-+-8-1—Breeding onions for better market quality and for re- 
sistance to insects, diseases, and adverse environmental conditions. 
To develop varieties of onions that are resistant to insects and diseases 
and adapted to the different onion districts of importance in the 
United States. Resistant varieties will eliminate the necessity of 
spraying and dusting for insect and disease control, thus greatly 
reducing the cost of production. 

b4—8-2—Studies of characters important in onion breeding, includ- 
ing genetics, cytology, physiology, and morphology of the onion. 
This work includes a study of the important characters of the onion, 
such as male sterility, high dry matter, storage quality, and color, 
and is an aid in the breeding work for the development of improved 
varieties of onions. 

b4-8-3—Onion-seed production as influenced by direct seeding, 
location, and methods of growing and handling the mother bulbs. 
Studies on onion-seed production were initiated to improve the quality 
of seed and at the same time to reduce the cost to the grower. 

b—4-8-4—-Onions for dehydration; effect of variety and location on 
quality. Breeding better onion varieties for dehydration involves 
getting bulbs of high dry matter to make dehydration cheaper, and 
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of uniform composition to give greater uniformity in time required 
for dehydration and in color and texture of the product. Most of 
the breeding work for good dehydration type is conducted in Idaho 
on Southport White Globe type. 

b-4-8-5—Onion hybrid seed; hybrid vigor effect in yield of bulbs. 
To develop foundation lines of male-ster ile plants that can be used in 
the production of hybrid onions and to find those combinations that 
give the highest yield and also have other desirable characteristics. 

b-4-8- 6—Effect of DDT on control of thrips and growth and yield 
of onions. ‘To develop effective methods of thrips c¢ ontrol. To deter- 
mine especially if various sprays and dusts containing DDT are toxic 
to the foliage and bulbs of various varieties of onions. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The work on onion improvement in the Department of Agriculture 
was started in a small way in 1936. At first the main emphasis was 
on breeding for disease resistance and attempting to eliminate un- 
desirable characters, such as splitting and premature seeding. Later, 
when the methods had been perfected for the production of hybrid 
onions, the emphasis shifted to the development of basic stoc ‘ks to 
supply seed companies and experiment stations. During the last 6 
years most effort has been given to the development of “‘male-sterile 
lines that can be used in the production of onion hybrids. Disease 
resistance is now being incorporated into these male-sterile lines. 


D. FUNDS-—-ANNUAL EXPENDITURES 


1936 to 1939, inclusive, about $1,000 per year was spent on onion 
studies; from 1940 to 1947, $5,000 to $12,000; and allotments in 1948, 
1949, and 1950 were $15,200, $26,700, and $26,560, respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Introduction of the Excel variety of onion—This variety was de- 
veloped cooperatively by the United States Department of Agriculture 
and the Texas and California agricultural experiment stations. It 
yields about 25 percent more than the old strains of Yellow Bermuda, 
is about 10 days earlier, and has less tendency to split and bolt, thereby 
producing a higher percentage of U.S. No. l onions. Because of these 
advantages it is now the most neacaiaa onion variety grown in the 
South, and the present valuation to the growers is about $10,000,000. 

The variety Calred is highly resistant to downy mildew and is 
adapted to the west coast. A tip-burn-resistant variety, L. 690, is 
being increased for the South. 

A practical method for the production of hybrid onions —Founda- 
tion lines of male-sterile onions have been deve ‘loped by the Depart- 
ment, and these have been forwarded to the major seed companies, 
experiment stations, and various countries throughout the world. All 
of the major seed companies have definite breeding programs unde 
way for the production of hybrid onion seed, and hybrid varieties 
are now being listed for sale in ‘seed catalogs. Because of higher yields 
and greater ‘uniformity, it is anticipated that within 5 or 10 years 
most of the onions grown in this country will be the hybrid types. 
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All of these will have been derived from foundation stocks that are 
now being supplied by the United States Department of Agriculture. 

Studies on seed production have shown that Bermuda onion seed 
that was formerly grown almost entirely in the Canary Islands can be 
grown more cheaply in this country and is of higher lity.—The 
technique specified by the United States Department of Agriculture is 
called the seed-to-seed method. Better-quality seed is obtained because 
it is given closer supervision. This has given the growers of the 


Southwest a new industry, the value of which can be placed at $100,000. 


to $200,000 annually. 


Lines of onions have been isolated that are highly resistant to pink. 


root, yellow dwarf, tip burn, downy mildew, and purple blotch.— 
This resistance is being incorporated into the various varieties and 
hybrids. 


F. SOME ADDITIONAL WORK NEEDED 


Additional research is needed to produce basic breeding stocks for 
commercial seedsmen and to incorporate into these stocks resistance 
to the various diseases, such as pink root, smut, purple blotch, and 
downy mildew, and to insects such as thrips. 


Onion Insecr INVESTIGATIONS 
(BEPQ—I-d-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to devise a more effective and economical 
insecticide treatment. for the control of onion thrips and a control for 
the onion maggot on onions grown for table use and for seed. The 
onion thrips and the onion maggot are often important factors lim- 
iting onion production. The thrips is a foliage feeder, and the mag- 
got feeds on the rootlets and bulbs. Both of these insects, in recent 
years, have increased in importance, particularly in the Western States. 
The nature of the current work is as follows: On onion thrips, to 
obtain information on the most effective time and number of appli- 
cations in relation to crop growth, in terms of yield for each of the 
most promising insecticides, and to determine the pertinent facts 
regarding flight and food plants of the thrips that are needed for 
the development of effective control measures; on onion maggot, to 
develop methods of seed or soil treatment at planting time or directly 
thereafter to prevent maggots from infesting bulbs or killing seedlings 
and to determine essential features of activity of adult egg-laying 
habits that relate to control measures. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-3-1—Control of onion thrips. To develop control measures 
for the onion thrips on onions grown for table use and for seed. 

I-d-3-2—Seasonal abundance and feeding habits of onion thrips in 
relation to control measures. To obtain such information on the 
seasonal occurrence and habits of the onion thrips as will aid in the 
most effective timing and method of application of insecticides. 
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I-d-3-3—Resistance of onions to onion thrips. To determine, in 
cooperation with plant breeders, the varieties of onions that are most 
resistant to damage by the onion thrips, and the plant characteristics 
that are responsible for such resistance. 

I-d-3-4—Control of the onion maggot. To develop control meas- 
ures for the onion maggot on onions grown for table use and for seed. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The first. work on the onion thrips in the Bureau was started in 
1907. Nicotine sulfate was developed as a spray for its control, but 
its performance in subsequent years inbgaene unfavorably with early 
results. Studies were again started in 1945 to develop a more satis- 
factory control for this pest on onions grown for culinary and seed 
purposes because of unusual injury by onion thrips in California and 
Idaho. 

The first work on the onion maggot was conducted during the period 
1916-28 in Wisconsin. The project was discontinued without a solu- 
tion. Work was again started on this insect in 1950 because of the 
lack of suitable control measures and widespread injury by the oinion 
maggot in the western onion-growing area. 


D, FUNDS—-ANNUAL EXPENDITURES 


Available records indicate that prior to 1928 the annual expenditures 
were between $2,000 and $4,000. The reactivated project began with 
an approximate expenditure of $6,000 in 1945. This was increased to 
about $20,000 in 1949. The work at one of the laboratories was dis- 
continued in 1950, and the expenditures reduced to about $10,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


New insecticides developed against onion thrips on onions grown for 
table use —Results of experiments during recent years have shown that 
sprays or dusts containing DDT, chlordane, parathion, and toxaphene 
will give control of onion thrips on onions grown for table use. 
However, the cheapest and most effective remedy has not yet been 
determined. 

Onion-seed yield increased by 100 pounds or more per acre by thrips 
control method.—Experiments demonstrated that DDT dusts were 
effective against the onion thrips on seed onions. Studies revealed 
the feeding of onion thrips not only caused a loss of onion seed by 
stunting the seedstalks and flowers but in addition that these thrips 
weakened or destroyed many flower buds and flowers by direct feeding 
on these parts of the plants. For example, in Utah, onions treated 
with 10-percent DDT dust yielded approximately 300 pounds of 
cleaned onion seed per acre, compared to 235 pounds on onions treated 
with 5-percent DDT dust and 90 pounds on undusted onions. 


F. SOME ADDITIONAL WORK NEEDED 


Devising more effective equipment for applying insecticides to con- 
trol onion thrips.—Experience has shown that none of the existing 
equipment, either ground machines or aircraft, are entirely satisfac- 
tory for applying insecticides to control onion thrips. The seedstalks 
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of onions grown for seed often reach a height of 3 feet or more and are 
very suse eptible to mechanical injury by existing equipment. Studies 
should be initiated, in cooperation with agric ultural engineers, to de- 
vise ground equipment that will have a sufficient clearance to avoid 
bre: ikage of the onion seed heads or stalks and oe provided with nozzles 
for apply ing dusts and sprays effectively to the seed heads, as well as 
to develop aircraft that will be satisfactory for applying insecticide 
for thrips control on table onions. 
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(BPISAE —4-1—Federal-State—Regular Funds) 









A. PURPOSE AND NATURE OF CURRENT WORK 















To (1) increase yields, keeping quality, eating quality, and food, 
industrial, and feed value of the sweetpotato; ( (2) develop superior 

varieties that are resistant to disease; and (3) improve methods of 
propagation, culture, and handling. Present emphasis is on the breed- 
ing of new varieties because the great disease susceptibility of present 
varieties results in generally heavy losses in field and storage. 















B. GURRENTLY ACTIVE LINE PROJECTS 









b-4-1-1—Producing, testing, and maintaining new sweetpotato 
varieties for starch, dehydrating, and food and stoe ‘k- feeding purposes, 
To develop higher-y ielding, disease resistant varieties with ‘high caro- 
tene (provitamin A) and other specific food values, high e: iting qual- 
ity, long-keeping properties, growth habits adapted to mechanized 
culture, and superior sprout-producing capacity. Specific types for 

canning for food or for industrial (starch and adhesives) or stock- 
feeding purposes are also sought. 

b-+-1-2—Methods of harvesting, storing, and handling of sweet- 
potatoes in relation to value for starch manufactuze and for food, feed, 
and seed use. To reduce mechanical damage or loss during harvesting 
and loss by decay or undesirable chemical change after harvest and to 
maintain the highest practical value for specific uses of the harvested 
product. 

b+ g, cultural methods, and fertili- 
zation on sweetpotatoes. To improve methods of propagation, in- 
crease yields and quality, and reduce costs of production of sweet- 
potatoes. 

b—4+-1-4—Diseases of sweet potato, including testing of varieties and 
seedlings for resistance to disease and finding substitute fungicidal 
treatments to replace copper and mercury compounds, To reduce 
losses in yield or storage and to improve the food, feed, or other value 
of the harvested crop. 
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C. HISTORY AND EVOLUTION OF THIS WORK 





From about 1920 until about 1940, work on the sweetpotato in the 
Bureau was devoted primarily to description and classification of 
varieties, conventional fertilizer tests, description and classification 
of diseases and developing methods for their control, storage studies, 
and experiments on the effects of such single factors as time of planting 














ce 
ed 
* 
er 
* 
D1 
A a 
ve 
b 
fiat 
» 
a 
pu 
2 
6 
a 
i: 
. 
eal 
4 


SET ETS SRE 
Sl AateR 


IGF ie SS A 


Phi tire eet ee 


eine 


ASSES: 


ara 


VEGETABLES 1201 


and spacing on yield and grade. About 1940 the breeding of new 
varieties was undertaken, along with complex experiments on | multiple 
effects of two and three factors ‘simultaneously , such as time of planting 
and spacing of plants on yield and grade, fertilizer and time of harvest 
in relation to yield, grade, internal color, keeping quality, and value 
for seed; relation of locality and variety to starch content; effects of 
delayed harvest and row protection on starch content for anit acture. 
In recent years increasing emphasis has been placed on breeding and 
less on artificial devices as a means of obtaining superior yields, quality, 
and freedom from pest injury. 


D. FUNDS-—-ANNUAL EXPENDITURES 


It is estimated that the annual expenditures on this project were 
about $15,000 through the 1920’s and 1930’s. Through the 1940's they 
ranged from about $40,000 in 1 year to $42,460 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Sweetpotato diseases and their control—The Farmers’ Bulletin, 
which came out of this work, is a classic in its field. After many years 
it is still the best guide of its kind. 

Early transplanting essential for high yields —Experiments showed 
that one of the main reasons for low yields is the general practice of 
transplanting too late. This delay in transplanting results mainly 
from waiting for cuttings from a “mother patch”—a widespread prac- 
tice to hold down the cost of plants and to help control disease. Low 
yields resulting from late transplanting cannot be made up by closer 
spacing. 

Early harvest essential for best seed stock—Recent work showed 
that sweetpotatoes harvested about 10 days before the usual time at 
first light frost were consistently more productive in the plant bed 
than those harvested at the usual time. Storage studies have also 
emphasized harmful effects of certain temperatures that are safe for 
food or feed stock but too low for seed stock. 

New varieties introduced. —A\though the sweet potato breeding pro- 
gram is only about 10 years old, a highly productive, wilt- resistant 
feed or starch variety (Whitestar) and a yellow- fleshed variety espe- 
cially suited for canning (Australian Canner) have been introduced. 
Virtual immunity to wilt has been found in a variety from Tinian 
and is being used extensively as a parent to develop wilt-resistant table 
varieties of high quality. 

Delayed harvest results in loss of starch and total dry matter.— 
Long delay of harvest past the first light frost results in definite loss 
of starch and other solids, although the roots may remain sound. The 
profitable harvest range for feed or starch sweetpotatoes is limited. 

Breeding methods are advanced. —TIn contrast to difficulties and limi- 
tations in 1940 when breeding work was started, crosses are now 
obtainable from virtually all desired parents, and ample supplies of 
crossed seed are being produced. Rate of breeding progress is in- 
creasing as breeding materials of progressively greater value are being 
gradually accumulated. 
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F. SOME ADDITIONAL WORK NEEDED 


Disease-resistant parents needed.—High resistance has been ob- 
tained only to the fusarium wilt or stem rot disease. An exhaustive 
search of the world’s sweet potato and related species should be made 
in efforts to find resistance to other diseases, especially black rot. 

The internal cork disease—An obscure and widespread disorder of 
the edible part of the sweetpotato causes dark or black, firm, “corky” 
spots deep in the flesh, often rendering the roots unfit for food. 
Although a virus is suspected as the cause, this is not definitely known. 
Methods of elimination and control remain to be developed. 

Mechanization needed—Until varieties or machines, or both, 
adapted to mechanical production and handling of this crop can be 
developed, production will probably remain at a low level and prices 
so high as to discourage the extended use of sweetpotatoes. 


Sweetrrorato WeeEviL INVESTIGATIONS 
(BEPQ—I—)-6—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to devise effective control measures 
for the sweetpotato weevil in storages, in seedbeds, and in the field. 

The sweetpotato weevil is one of the most important agricultural 
insects of the South. The weevil infests the sweetpotatoes in the 
field and in storage. Infested sweetpotatoes are unpalatable, and 
heavily infested ones are worthless even as stock food. Annual 
loss in the Gulf States was estimated once at $3,500,000. Because of 
this insect and the abundance of wild host plants, the growing of 
this crop in southern Florida and Texas is impracticable. 

The development of control methods for this weevil includes (1) 
the testing of insecticides in laboratory and field, (2) devismmg methods 
of insecticidal application for stored sweetpotatoes, and (3) the 
testing of weed killers for destruction of wild food plants and volun- 
teer sweetpotatoes. New sweetpotato varieties developed by experi- 
ment station specialists are being evaluated for resistance to the sweet- 
potato weevil. 

3. CURRENTLY ACTIVE LINE PROJECTS 


I-d-6—1— Insecticidal control of the sweetpotato weevil. (1) To 
improve available control methods for the sweetpotato weevil in stor- 
ages and in seedbeds with particular reference to avoiding poison- 
ous residues on the sweetpotatoes to be used for food, and (2) to 
develop a method of control of the weevil in the field. 

I-d-6-2—Field clean-up and destruction of crop remnants. ‘To 
develop improved methods of destroying sweetpotato crop remnants, 
volunteer sweet potato plants, and wild host plants incidental to the 
control of the sweetpotato weevil. 

I-d-6-3—Varietal resistance to the sweetpotato weevil. To test 





new seedlings and varieties of sweetpotatoes developed by ee breed- 
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C. HISTORY AND EVOLUTION OF THIS WORK 


A project was begun in 1917 on the eradication of the sweetpotato 
weevil from southern Georgia and northern Florida, Mississippi, and 
Alabama. As an aid to this project, research work was begun in 
central Florida, outside the eradication area, on the life history and 
habits of the insect. The work in Florida was discontinued in 1928 
as the infested areas in Charlton County, Ga., and Baker County, 
Fla., were freed of the weevil. The eradication work was continued in 
southern Alabama and northern Mississippi with headquarters at 
Biloxi, Miss., and with the expansion of the eradication program the 
research headquarters was shifted to southern Louisiana. In 1937, in 
Louisiana, emphasis was given to additional studies on the biology 
of the insect, with particular reference to its host plant preferences 
and flight habits as an aid to the eradication project. In 1944 empha- 
sis was shifted to studies with insecticides to control the weevil in 
field and in storage. 


D,. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for fiscal years 1917 to 1921 are not available. For 
the fiscal years 1922 to 1927 expenditures averaged $2,600 annually. 
There were no expenditures on research from 1928 to 1934. Approxi- 
mate annual expenditures averaged $7,000 for fiscal years 1935 to 1940, 
$9,000 for 1941 to 1945, and $12,000 for 1946 to 1950. Expenditures for 
1950 were approximately $12,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Sweetpotato weevil eradicated from Charlton County, Ga., and 
Baker County, Fla—The early eradication project in the infested cul- 
tivated areas of southern Georgia and northern Florida, working 
jointly with departments of agriculture of those States, demonstrated 
the feasibility of eradicating this pest in areas where wild host plants 
are not abundant. <A strict check can be kept on the movement of 
sweet potatoes from one area to another and from farm to farm. 

Development of PDB fumigation paved way fer methyl bromide 
treatment.—Methods were developed for killing the sweetpotato wee- 
vil in seed potatoes in storage banks and in seedbeds by fumigating 
with PDB (paradichlorobenzene). This made possible the growing of 
plants from infested seed without fostering the infestation. The treat- 
ment was not always effective and was useful against seed stocks only. 
This treatment, however, paved the way for the development of methyl 
bromide fumigation, which was used as a basis for certification of the 
crop for movement from infested areas. 

The determination of flight and overwintering habits of the sweet- 
potato weevil and its host plants—This study formed the backbone 
of the current program on control and prevention of spread of the 
insect, 

Discovered that sweetpotatoes were freed of weevil by DDT treat- 
ment.—This discovery gives the industry an efficient method of con- 
trolling the sweetpotato weevil in storages and in shipments moying 
from infested areas. 
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F. SOME ADDITIONAL WORK NEEDED 


Major research needed is covered by current line projects. 


Tomato, Cucursir, AND Leary VreGeTaBLe Propuction, DiskasEs, AND 
IMPROVEMENT IN THE East 


(BPISAE—b-—4-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Since cultural problems have been fairly well worked out, most of 
this work deals with the development of improved varieties ‘of toma- 
toes, cucumbers, cabbage, lettuce, and spinach that will be higher 
yielding and of superior eating quality, have desirable market, storage, 
or processing characteristics, and have resistance to specific diseases. 
Basic researc ch i is being conducted on disease organisms and trials of 
fungicides, bactericides, soil amendments, fumigants, and seed disin- 
fectants to develop artificial means of controlling diseases; and to 
determine long-time effects of DDT on plants and soils. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b+4—2-1—Maintaining, testing, and producing new tomato varieties 
having resistance to les if diseases and wilt, and | giving greater yields. 
To minimize losses from disease and improve yields and quality of 
tomatoes for market, for processing, and for home gardens. 

b4-2-2—-Maintaining, testing ,and producing new lettuce varieties 
having resistance to heat and diseases and suited for culture in the 
East. To extend lettuce culture into areas where it is now unprofit- 
able or unsatisfactory, thereby increasing its availability and reducing 
costs. 

b4-2-4—Maintaining, testing, and breeding varieties of cucumbers 
resistant to disease. 'To reduce field and market losses due to disease. 

b4-2-5—Diseases of the tomato and related plants in the eastern 
United States, including leaf spots and virus diseases. To develop 
methods of avoiding or “controlling (liseases of tomato, peppers, and 
eggplant that reduce yields, impair quality, and cause spoilage of 
harvested fruits. 

b4+-2-6—Tolerance of vegetable crops to DDT and related mate- 
rials. To determine safe limits of use and amounts of DDT that 
various plants will tolerate as a residue or from direct applications to 
the soil; to study its persistence and effects on plants when present in 
harmful amounts; to avoid either temporary or long-time harmful 
effects of excessive or improper use of DD’ I and related chemicals. 

b4-2-7—-Breeding spinach for resistance to white rust, downy 
mildew, and other diseases. To eliminate or reduce heavy field and 
market losses due to these diseases. 

b+-2-8—Breeding and testing varieties of tomato for resistance to 
curly top. To eliminate or reduce the heavy losses due to curly top 
in tomato and to make practicable the growing of tomatoes in cur ly top 
areas in the western intermountain region, where they can now rarely 
be grown successfully because of the ¢ urly top disease. 

b-4-2-9—Bacterial canker, wilts, mosaic, and related diseases of 
tomato in Utah. ‘To develop controls for these tomato diseases in the 
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western intermountain and other regions, where they constitute a 
major hazard in growing the crop. 

b-+-2- 10—Maintaining collections of organisms causing root rots 
and related diseases of vegetables. To build and maintain collections 
of organisms that are used to help pathologists in the United States 
and abroad in identifying causes of disease and for research purposes 
in developing methods of controlling diseases. 

b4-2-11—Collecting, maintaining, and testing nematode-destroy- 
ing fungi for determining possible value in control or reduction of 
damage t to crops by nem: itodes. The purpose is indicated in the title. 

b+4-2-12— Yellows, clubroot, mosaic, and other diseases of cabbage 
and related plants, including testing and breeding for disease resist- 
ance. To develop the most. practical controls for these diseases of 

‘abbage, cauliflower, kale, broccoli, and related plants, mainly by 
devélenitig resistant varieties, 


C, HISTORY AND EVOLUTION OF THIS WORK 


Many of the present studies now carried in this work project were 
started prior to 1920. In the early 1920’s the Bureau successfully 
developed wilt-resistant varieties of tomatoes. All but one of the 
important wilt-resistant varieties of tomatoes grown in the past 25 
years came out of this work. Marglobe is the most important of these. 
Concurrently, our numerous yellows- resistant cabbage varieties were 
in course of development in cooperation with the Wisconsin Experi- 
ment Station. Varieties of progressively higher resistance to yellows 
and recently to mosaic; and better yield and quality continue to be 
developed, such as Wisconsin Ball Head, Improved Wisconsin All 
Seasons, and Improved Globe. The breeding of lettuce (heat-resist- 
ant) and of curly top resistant tomatoes was : undertaken about 1930, 
using primarily wild species of closely related plants as sources of 
hardiness and disease resistance. Producing interspecies hybrids as a 
step in developing improved varieties is a comparatively new device 
that is giving some very good results. Several new lettuces have been 
released (Cosberg, Hansonette, Slobolt, and Progress) and curly top 
resistant tomatoes appear not far away. Basic studies of disease- 

‘ausing organisms and development of controlled methods of testing 

lant. selections for resistance have been prerequisite to successful 
reeding of improved varieties. Principles developed here are being 
used profitably to an increasing extent in the improvement of many 
other crops. Current studies ‘include breeding for virus and leaf- 
spotting disease resistance in tomatoes, resistance to disease in spinach, 
and response of plants to DDT and other chemicals used for pest 
control. 


D. FUNDS—-ANNUAL EXPENDITURES 


Because of realinements of the work to changing conditions in the 
past 30 years, accurate estimates of annual costs of work on these 
crops are possible only for the later years. Annual expenditures 
ranged up to about $ 350.000 prior to 1930, about $60,000 during the 
19: 30's; and during the 1940’s $80,000 to approximately $111 000 for 
the fiscal year 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Resistant tomato varieties—Marglobe, the pire variety of 
the eastern United States for about 15 years; Pritchard, Pan America, 
Break o’Day, Norton, and other resistant varieties produced i in this 
work have either dominated the markets for long periods or have been 
used as parents of still better varieties. The breeding work done here 
produced the foundation of a great share of the present American 
tomato industry. 

Resistant cabbage varieties.—Nearly all of about a dozen yellows- 
resistant varieties of cabbage, representing all the een market 
types, were produced in cooperative work with this project. They 
are the only resistant varieties grown extensively today in this coun- 
try. Among them are Jersey Queen, Marion Market, and Globe. 

Lettuce varieties —Progress, a new, crisp, firm- heading variety, is 
much superior to other varieties grown in the Middle Atlantic States. 
Slobolt, a leaf type of remarkable tolerance to warm weather, is of 
considerable importance for home gardens and was the only variety to 
succeed in many tropical military areas during World War II. 

Genetics of lettuce—The genetic and breeding behavior of a large 
number of species related to ‘lettuce has been studied extensively, and 
the background facts from these studies make possible more effective 
breeding work on lettuce. These basic studies have made possible an 
interspecies hybrid long considered impossible, thereby bringing valu- 
able hardy charact ers of wild species to new forms of cultivated lettuce. 

Tomato and cabbage diseases —The nature of many serious diseases 
of tomato and cabbage has been determined and practical controls for 
several of them developed. Bacterial canker and mosaic of tomatoes 
and streak of cabbage are examples. Resistance to curly top and to 
verticillium wilt in tomato has been found and incorporated into 
hybrids that are approaching commercial standards. 

Nematode-destroying fungi—A disease of cultivated mushrooms 
had long been attributed toa fungus. It has recently been found that 
the cause of the disorder is nematodes, or eelworms, and that the fungus 
actually attacks these soil organisms and helps to hold them in check. 

Toxicity of DDT.—A report has been prepared for publication, 
showing the relative sensitivity of a large number of crops to DDT in 
the soil. The members of the pumpkin family, tomatoes, and some 

varieties of beans are highly sensitive. Corn appears tolerant. It 
also shows that the toxicity of DDT in the soil is extremely persistent 
and that under some conditions of heavy, repeated dosages for control 
of insects—as in orchards—as little as 3 or 4 years’ accumulation of 

residue in the soil may impair growth of sensitive cover crops. Work 
is continuing, coordinated with studies of other chemicals in another 
project (RM: b-72). 


F. SOME ADDITIONAL WORK NEEDED 


Basic work on genetics and breeding of “wild” relatives of these 
several crops.—Most of the wild relatives, with hardiness and resist- 
ance to disease or insects that should be incorporated into new com- 
mercial varieties, can rarely, if ever, be crossed with cultivated forms 
to develop improvements. ‘Too little is known of their breeding 
behavior to be able at present to use the species efficiently, if at all. 
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While the needed work in genetics is of fundamental nature, practical 
progress depends heavily upon it. Only a few diseases have been 
conquered by breeding—many remain to be controlled. 


Tomato Insect INVESTIGATIONS 


(BEPQ—1-d-7—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop methods for the control of 
such commonly distributed tomato pests as the tomato fruitworm, to- 
mato hornworm, beet armyworm, climbing cutworms, and the tomato 
russet mite in the western United States. Insects and mites are im- 
portant limiting factors in tomato culture, and their control is neces- 
sary to successful tomato production. Currently, work is underway 
to devise the most effective and economical insecticidal treatments 
for the control of each of these pests when they occur alone or when 
two or more of them are attacking the tomato crop at the same time. 
In addition, information is being sought on the most effective time 
of application of each of the insecticides tested. In the development 
of remedies and spray schedules, especial consideration is given to 
the avoidance of harmful insecticide residues on the market product 
and to the effect of each of the materials on the plants, on the soil, 
and on the operator. These studies are conducted on field plots set 
up on lands of interested growers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-7-1—Season biology of the tomato fruitworm relative to the 
timing of insecticide applications. To study the seasonal habits and 
abundance of the tomato fruitworm in order to determine the most 
effective time for the application of insecticides to control this insect. 

I-d—7-2—All-purpose insecticide for the control of insects and 
mites on tomatoes. To develop an insecticide mixture that is effec- 
tive in controlling the various species of insects and mites that attack 
tomato, including such pests as the tomato fruitworm, tomato horn- 
worm, beet armyworm, cutworms, flea beetles, tomato pinworm, and 
the tomato russet mite. 

I-d-7-4—Status and control of the tomato russet mite. To obtain 
information on the abundance and distribution of the tomato russet 
mite and to develop effective methods for its control. 

I-d-7—-5—Prevention of thrips infestation within tomato fruits. 
To develop a method of preventing infestations of thrips within to- 
mato fruits at harvesttime by the use of insecticides, development of 
resistant varieties, or similar control practices. 





C, HISTORY AND EVOLUTION OF THIS WORK 


During the early thirties the tomato fruitworm, which is the same 
insect as the corn earworm, a well-known insect, became prominent 
as a im of tomatoes grown for processing, particularly in southern 
California, Colorado, and Utah. The presence of the tomato pin- 
worm in California added to the seriousness of the tomato proces- 
sor’s problem in that State. Both these insects feed within the tomato 
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fruits and aside from the loss from damaged tomatoes, insect frag- 
ments from infested tomatoes oftentimes were found in the processed 
tomato products. ‘Tomato products thus contaminated were declared 
unfit for human consumption by other Federal agencies. In attempts 
to control the tomato fruitworm, caleium arsenate was used extensive- 
ly with indifferent results. In 1936 a research project on insects 
affecting tomatoes was started and included in this project was the 
work on tomato pinworm, tomato russet mite, thrips, and cutworms. 
The investigations centered around the control of tomato fruitworm 
and tomato pinworm so that the grower could produce a crop accept- 
able to the processor. Tomatoes that bore large feeding scars could 
be readily detected in the sorting or grading process, but. tomatoes 
that contained fruitworms which had developed within, leaving only 
a tiny entrance hole, were difficult to detect. Tomatoes infested with 
pinworms were equally as difficult to detect. 

The tomato russet mite, a foliage feeder, is one of the most destruc- 
tive pests of tomatoes. It made its appearance in destructive numbers 
in central California in 1942. Since then isolated infestations have 
been found in Nevada, Utah, and Colorado. Sulfur so far has proven 
to be an effective remedy. It must be used regularly to produce : 
tomato crop in southern California. 

Thrips are normally foliage feeders, but the one found in Utah en- 
ters the blossom end of the tomato and develops in the fruit. Before 
ripening a fruit may have a large colony of thrips in its center. There 
is no way of detecting the infested fruits; therefore, its presence leads 
to contamination of processed tomato products. 


D, FUNDS—-ANNUAL EXPENDITURES 


Prior to fiscal year 1935 the work on tomato insects was incidental 
to other project. Estimated annual expenditures in 1935 were $2,000; 
1936, $3,000; 1937, $12,000; and 1938, $16,000. From 1939 to 1949, an- 
nual expenditares averaged $25,000 and ranged from $23,000 to 
$30,000. In 1950 they were about $5,000. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Commercial control of tomato fruitwor m increased by 60 percent.— 
“# ith the DDT formulation and time schedule developed from this re- 

earch the control of tomato fruitworm has been increased from 35 
ferceant to 95 to 99 percent. Also, other caterpillars which attack to- 
matoes have been successfully controlled. 

DDT and sulfur formulas designed to control russet mite and tomato 
fruitworm and other caterpillars. These formulas have been pre- 
pared commercially and are widely used by tomato growers 

Tomato fr uitworm ¢ gg-laying habits reveal control mMeasures.— 
This is due to a careful study of the egg-laying habits of the ge m 
moth, which revealed the necessity ‘of covering the outside leaves 
of the plant by the insecticide and the importance of the time when the 
first treatment should be made. With the development of this in- 
formation and tests with insecticides the degree of control was in- 
creased from 35 percent obtained with calcium arsenate to 70 to 80 
percent with cryolite dusts or baits. From 90 to 99 percent control of 
the fruitworm with DDT is obtainable now. 
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The Nation as a whole, particularly the southwestern early pro- 
duction areas, has been benefited by the results of this work. Evi- 
dence from current work indicates TDE may supplant DDT for to- 
mato fruitworm control, as it protects the crop equally as well as 
DDT, is not as poisonous to man, and may not be as enduring in the 
soil. The residue problem on tomato fruits has never been a serious 
one, and experimental data shows that wiping and washing tomatoes 
before marketing or processing as practiced commercially reduces the 
residue hazard to a minimum. 

Tomato pinworm no longer pest of tmportance.—Methods devel- 
oped for tomato pinworm control have reduced the numbers of the 
pest to a point where it is no longer of importance, although in 1934 
it rendered useless 60 to 80 percent of the tomato fruits produced in 
certain sections. The tomato pinworm became a serious problem of 
tomatoes in California in 1934. Cultural methods, destruction of crop 
remnants, and treatment with cryolite were developed for its control. 


F. ADDITIONAL WORK NEEDED 


In addition to the current research there is an immediate need for 
development of control measures for the tomato fruitworm in the 
Southeastern States. During recent years the tomato fruitworm has 
become an important pest in the Southeast. While a satisfactory 
control schedule of applications of DDT has been devised for use 
in California it is necessary to carry on investigations in the South- 
ast to determine more exactly the most effective and economical sched- 
ule to follow in that section. The effect of DDT on the insect and 


on the plant should also be determined under southeastern conditions. 


Coie Crore Insecr INVESTIGATIONS 
(BEPQ—I-d—-2—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop the most effective and eco- 
nomical means of controlling caterpillars and aphids that infest cole 
crops, such as cabbage, cauliflower, broccoli, collards, and turnips, 
throughout the season in the South. Without the use of insecticides 
these crops could not be produced for the commercial market. 

Such work involves the development of insecticides and their appli- 
‘ation to protect the crop without jeopardizing the health of the 
consumer through poisonous residues remaining on the crop at harvest. 

The current work consists of testing new and promising materials 
in both spray and dust form on small field plots. The work includes 
the determination of the relation of leaf growth to time of applica- 
tion of insecticides and the amount of residues on the market product. 
Also the effect of insecticidal treatment on the quality of the crop, the 
quality being measured by market grading and salability. After these 
screening tests in small field plots, the most promising materials are 
tested on a commercial scale in cooperation with growers. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


[-d-2-1—Utility of DDT and other insecticides for the control of 
cabbage caterpillars. To develop a control of cabbage caterpillars 
on cole crops by the use of insecticides that will not leave a harmful 
residue on the edible product. 

I-d-2-2—Aphid control on cole crops. To develop a schedule of 
insecticidal control for the turnip aphid and the cabbage aphid on 
cole crops that will not leave a harmful residue on the edible product. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Cole crops, such as cabbage, cauliflower, broccoli, kale, rutabaga, 
and turnip, are attacked by several kinds of caterpillars and other 
insects wherever they are grown. In many areas the green cabbage 
caterpillars are the most destructive annually. Based on careful ob- 
servation, cabbage worms in the Charleston, S. C., district caused 
a loss of 20 percent of the crop, in spite of the general use of insecti- 
cides. Next in importance to the cabbage caterpillars are aphids of 
two kinds, which attack the cabbage crop. Root maggots are im- 
portant in northern regions. The harlequin bug is a pest of long 
standing. The yellow-margined leaf beetle, new to this country, was 
an added pest of cole crops in 1947. 

Arsenicals had been used for many years to control “cabbage 
worms.” ‘The use of these poisons was attended by some risk to the 
consumer, especially when these poisons were applied near harvest- 
time and the cabbage was marketed with four outside loose leaves. 
During the season of 1931-32 numerous interstate shipments of cab- 
bage from the southern producing areas and some cauliflower from 
Long Island were seized and condemned by the Federal Food and 
Drug Administration as unfit for human consumption because of 
arsenical residue. 

The loss of crop and threat to the health of the consumer created a 
demand for research work on the problem. Lead arsenate, because it 
contained two poisons, was discarded, and the Department recom- 
mended against its use. To meet different climatic conditions, experi- 
ments on this problem were started in 1932 at Charleston, S. C., Baton 
Rouge, La., Chadburn, N. C., Columbus, Ohio, and Alhambra, Calif. 
Plant-growth studies and chemical analysis of cabbage at harvestime 
showed the danger point in the use of arsenic and fluorine on cabbage 
and cauliflower crops and the grower could, by following a very rigid 
schedule of insecticidal application, produce a crop of U. S. Grade 
No. 1 cabbage free of harmful residue. The ome on the problem 
has been reduced in recent years and is now conducted at Baton Rouge, 
La., and Charleston, S. C. These investigations have included the 
testing of a large number of insecticides, such as the arsenicals, flu- 
orines, and those derived from plant products such as rotenone, 
pyrethrum, ryania, nicotine, and the newer insecticides, such as DDT, 
chlordane, benzene hexachloride, and parathion. Of these, rotenone, 
pyrethrum, and DDT are the most useful, rotenone and pyrethrum 
because of their performance against caterpillars and low toxicity to 
man, and DDT because of its high toxicity to all species of worms 
attacking cabbage. 
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Serious damage by the turnip aphid to turnips and mustard grown 
for greens in the South necessitated the start of experiments for the 
control of this insect at Baton Rouge, La., during 1932. This aphid 
is first found on the seedling plant and from these few individuals 
populations build up until by harvesttime the leaves are infested to 
the point where they are unusable. 


D. FUNDS—-ANNUAL EXPENDITURES 


Approximate expenditures during the period 1932-39, inclusive, 
ranged from $21,000 to $28,000 annually. During the period 1940-50, 
inclusive, annual expenditures approximated $13,000 to $19,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Cabbage caterpillars on cabbage can be controlled without risk to 
health of consumer from insecticidal residues.—Detailed studies on 
the growth of the cabbage crop showed that U.S. Grade No. 1 cabbage 
could be produced without harmful residue on the marketed product 
if highly poisonous materials such as arsenicals are not applied Within 
30 days of harvest or when the head begins to form. Treatment after 
this period with rotenone and pyrethrum insecticides resulted in good 
control of green caterpillars and left no harmful residue. 

Cabbage worm schedule developed and adopted that enabled grow- 
ers to produce a crop free of worm damage.—By following a crop 
treatment program outlined as the result of this work, the cabbage 
grower now markets his crop confident that it will pass market and 
health official inspection. 

Growth studies on cauliflower show how to avoid harmful residues 
on market product.—Seasonal studies on the growth of cauliflower 
and the application of insecticides show that no application of highly 
poisonous insecticides should be made after the embryo head begins 
to form, and for cabbage caterpillar control after this period of 
growth is reached, the use of either pyrethrum or rotenone is required. 

DDT shown highly effective against all species of cabbage worms.— 
Besides the green caterpillars that destroy cabbage, there are other 
species of worms that are not killed by light dosages of other mate- 
rials. DDT, in comparatively low strength and dosages, applied dur- 
ing the early stages of crop growth or before heading, will control 
all species, and, under some conditions, keep the plant free of “worms” 
until harvest, especially the fall crop. 

Turnip aphid control developed and used successfully by home 
gardeners and commercial growers.—Rotenone insecticides proved to 
be an excellent preventive of turnip aphid damage. The discovery that 
the initial treatment for proper subjugation of the aphid should be 
made when the crop is in the seedling stage was an important feature 
of the work. 


F. SOME ADDITIONAL WORK NEEDED 


Development of control measures for aphids on cole crops—Several 
species of aphids, especially the cabbage aphid, turnip aphid, and 
green peach aphid, are important pests of cabbage, cauliflower, broccoli, 
kale, turnips, mustard, and other cole crops. Although investigations 
have shown that rotenone is effective against the turnip aphid on some 
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cole crops, this material is not effective against the cabbage aphid. 
Investigations have shown that nicotine is fairly effective against 
the cabbage aphid, but this material loses much of its effectiveness 
when air temperatures are below approximately 60° F. Preliminary 
tests have indicated that parathion and tetraethyl pyrophosphate are 
effective against the above-named species of insects. There is need 
for additional research to determine definitely the use of these newer 
insecticides against aphids and to develop an insecticide for use against 
these pests that can be combined with DDT or other insecticides for 
the dual control of caterpillars and aphids on cole crops. 

Development of control measures for the harlequin bug.—This in- 
sect is a widely distributed and destructive pest of cole crops and no 
completely satisfactory insecticide has been developed for its control. 
Dusts or sprays containing sabadilla, rotenone, or pyrethrum are 
fairly effective against the insect in its younger stages, but are not 
wholly effective against the adults or nearly mature insects. Addi- 
tional and more intensive research should be conducted to develop 
a more effective remedy for the harlequin bug in all its stages of 
growth. 

Research on the yellow-margined leaf beetle——The life history. of 
the beetle, new to this country, which was found in Alabama in 1947 
feeding on cabbage, turnips, mustard, and radish, should be studied 
and methods for control developed. This insect may develop into a 
serious pest of cole crops. 

Research on cabbage root maggots.—There are two species of root 
maggots that attack cabbage and related crops. Root crops, such as 
turnip and radish, as well as rutabaga, may be rendered unsalable by 


their attack. No cheap and effective remedy has been developed for 
these pests. Further work is necessary on these pests, particularly to 
protect the root crops. 


CreiLery Insect INVESTIGATIONS 
(BEPQ—I-d-16—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop methods for the control of 
insect pests that affect celery. The current work is particularly con- 
cerned with the development of the most effective and economical 
insecticide treatments for the protection of celery against lygus plant 
bugs, aphids, and leafhoppers, which not only injure celery by their 
direct feeding activities but, in the instance of some species of aphids 
and leafhoppers, are also known to transmit celery diseases. Work 
is also underway in obtaining information on the habits and seasonal 
abundance of these insects, which is needed in devising measures for 
their control, including the determination of the wild host plants on 
which these insects breed and from which they move to celery. In 
addition, information is being sought on the most effective time of 
application of each of the insecticides tested. In the development of 
remedies and spray schedules special consideration is given to the 
avoidance of harmful insecticide residues on the market product and 
to the effect of each of the materials on the plants, on the soil, and 
on the operator. : 
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B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-16-1—Protection of celery plants against the feeding of lygus 
bugs, aphid, and leafhopper carriers of celery cliseases. To develop 
methods of protecting celery plants against the feeding of lygus bugs 
and aphid and leafhopper carriers of celery diseases by the use of 
insecticides and any other conikeil measures that may become evident 
as the investigations proceed. 

I-d-16-2—Seasonal abundance of lygus bugs, aphids, and leafhop- 
pers in relation to their movement from other plants to celery. To 
determine the habits and seasonal abundance of lygus bugs, aphids, 
and leafhopper carriers of celery diseases with special reference to 
data that are sieded to devise control measures for these pests. 


"C. HISTORY AND EVOLUTION OF THIS WORK 


Preliminary work was conducted on the celery leaf tier problem in 
southern California during 1917-18. These investigations were stim- 
ulated by severe damage by this insect to the celery crop, which was 
chiefly responsible for causing a reduction in the number of acres of 
celery from 7,000 in 1911 to less than 200 in 1916 in one county alone. 
Some of the major facts regarding the habits of the leaf tier were 
learned at that time. It was shown that lead arsenate would control 
the insect, but applications of this insecticide were abandoned later 
because of the harmful residue hazard. Extensive research on celery 
insects started in Florida during 1926 in cooperation with State 
authorities, following a serious outbreak of the celery leaf tier in that 
State in 1923 and 1925. ‘This insect is periodically destructive to 
celery in central Florida as well as in southern California. In Florida 
the growers of celery resorted to extreme applications of arsenical 
insecticides in an attempt to protect their crops and to salvage the 
industry. These meastires led to condemnation of harvested celery 
by health authorities because of highly dangerous arsenical residues 
on the marketed product. In addition to ‘ausing a health hazard to 
the consumer, the arsenicals were not highly eflicient and the leaf tier 
“worms” often continued to feed while in transit and celery reached 
the market in bad condition from “worm” damage. Minor investi- 
gations on the control of the southern armyworm, celery looper, and 
cutworms and red spider mites, as pests of celery, were also conducted 
during the period from 1930 to 1938 in Florida. No work was done 
from 1939 to 1946, inclusive. 

Research on celery insects was started in Utah during 1947 in 
cooperation with plant pathologists, following an estimated loss of 
approximately 50 percent of the crop, worth $500,000, to the celery 
growers of Utah, during 1946. This loss was caused by depredations 
of lygus plant bugs and by the western celery mosaic and related 
diseases that are known to be transmitted by several species of aphids 
and by leafhoppers. These losses fluctuate in severity from year 
to year, but have constituted a serious threat to the celery industry 
of Utah for m: uny years. Information regarding the insect vectors of 
virus diseases and the control of these insects on celery will be 
extremely helpful to the celery growers of this and other areas. 
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D. FUNDS—ANNUAL EXPENDITURES 


Estimates of expenditures for fiscal years 1917, 1918, and 1927 are 
not available. Annual expenditures from 1928 to 1938 averaged 
approximately $12,500, 1939 to 1947 none, and 1948 to 1950 about 
$4,000. 


E,. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Celery leaf tier control by use of pyrethrum powder developed.— 
The discovery by Department workers, in cooperation with State 
workers, that pyrethrum is a specific remedy for the celery leaf tier 
removed this insect as a serious crop hazard in the production of celery 
in Florida and California. In addition, this discovery permitted the 
crower of celery to harvest a product that was not subject to seizure 
by health officials because of a poison residue. This discovery, 
promptly taken advantage of by the growers, is estimated to have saved 
the industry at least $1,000,000 annually during years when the insect 
was present in outbreak numbers, 

Relation established between growth of celery plant and insecticide 
residue at harvesttime.—Growth studies of the celery plant made in 
cooperation with State workers during 1931 and 1932 showed that, 
in the instance of both the winter and spring crops of celery, arsenicals 
or other poisonous insecticides can be applied with safety up to 
within 6 weeks of harvest. All leaves and leaf stalks formed prior to 
this time are dropped by the plant during its growth or stripped from 
the harvested celery before marketing. This study led to similar 
studies on other crops, and the data obtained have given an answer 


as to how near harvest insecticides can be used without incurring a risk. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to the successful completion of current research there 
is an immediate need for the following: 

Development of control methods for insects such as cutworms, celery 
looper, and red spider mites affecting celery—While it is known from 
studies in Florida that insecticides which are poisonous to man can 
be used without danger on this crop up to within 6 weeks of harvest 
and that, in the case of the celery leaf tier, after this period pyrethrum 
can be used with safety, there are other pests, such as cutworms, celery 
looper, and red spider mites, which may attack the crop late in its 
development. A study on the control of these pests and the residue 
hazard involved is needed. 


VEGETABLE Propucrion AND ImprRovVEMENT For CoLp AND Droveut 
CoNDITIONS IN THE Great Puatns 


(BPISAE—b—4—7—Federal—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To (1) obtain, through variety tests, selection, and breeding, varie- 
ties of vegetables adapted for culture in home gardens or commercia! 
plantings in the unfavorable climatic conditions of the Great Plains 
area; and (2) determine cultural practices most satisfactory for the 
several crops under those conditions. Varieties of vegetables from 
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all over the world are tested at the agricultural experiment stations and 
in cooperative test plantings in various localities in the area, and re- 
ports issued on their adaptability and value. Cultural factors essential 
to the production of various kinds of crops are determined, as well as 
vitamin content of varieties grown under Great Plains conditions. 
Extensive breeding work is in progress with tomato, pumpkin, and 
squash, 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-4-7-1—Breeding tomato varieties adapted to the central Great 
Plains, for earliness, he savy production, and disease resistance. To de- 
velop tomato varieties adapted to central Great Plains conditions and 
of earlier maturity so that people can have tomatoes from their gardens 
for a longer period and so that commercial growers can grow more of 
the early tomatoes that sell at high prices; also to increase the total 
yield of canning tomatoes for canneries operating in the region. 

b+4—7-2—F actors affecting pea filling and production under central 
Great Plains conditions. To determine nutrition, moisture, and va- 
riety factors responsible for poor filling of pea pods under high plains 
and intermountain conditions so that this cause of decreased yield can 
be eliminated. 

b4-—7-3—Adaptability of kinds and varieties of vegetables to pro- 
duction under central Great Plains conditions. To determine by 
controlled experiments and cooperative trials the kinds and varieties 
of vegetable crops best adapted to culture under plains conditions. 

b4+—7-4—- Methods of production of asparagus in the central Great 
Plains region—maintenance of test plots already established so as to 
complete the records of the experiment. To determine the most profit- 
able system of planting asparagus under conditions of the central 
Great Plains. 

b—-4-7-5—Breeding squash and pumpkin varieties adapted to the 
central Great Plains, for earliness, heavy production, and disease 
resistance. ‘To breed early- inka ing pumpkins and squashes adapted 
to the short seasons of the high plains. 

b-4+-7-—Vegetable seed production under central Great Plains 
conditions. ‘This project was started during World War II to find new 
locations for vegetable seed production. The field work is now finished 
and the project will be discontinued in 1950 when final results are 
published. 

b4—7-7—-Determination of vitamin content of vegetable varieties 
and strains grown under Great Plains conditions, to determine nutri- 
tional value. To select from varieties that are adapted to Great Plains 
conditions those with a high vitamin content and to determine effects 
of cultural practices and storage conditions on the vitamin content in 
order to improve the nutrition of the rural population of the Great 
Plains. 

b+-7-8—Variety testing of vegetables for the northern Great 
Plains region. To determine which vegetable crops and varieties are 
adapted for planting in northern Great Plains gardens. 

b—-4-7-9—Vegetable breeding for the northern Great Plains. To 
originate new varieties of veget tables better adapted to northern Great 
Plains conditions. 
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b-4—7-10—Planting and cultural methods tests with vegetables in 
the northern Great Plains region. To determine cultural practices 
best adapted for growing the different vegetables in this region. 

b-4-7-11—V ariety testing of veget tables for the southern Great 
Plains region. To determine the best adapted varieties of veget tables 
for this region. 

b-4—7-12—Vegetable breeding for the southern Great Plains re- 
gion. To obtain and test hybrid selections of various vegetable crops 
and determine which can be produced most satiohuctortly under the 
climatic conditions in this area 

b-4-7-13—Vegetable planting and cultural methods of the southern 
Great Plains region. To obtain information on time and methods 
of planting, and relative practicability of growing under dry-land and 
irrigated conditions. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Certain lines of vegetable investigations have been carried on since 
1916 at the Mandan, N. Dak. (northern Great Plains), and the Wood- 
ward, Okla. (southern Great Plains), stations of dry-land investiga- 
tions. More See work was started at the C heyenne Horticultural 
Field Station (central Great Plains) in 1929. In 1946 the work at the 
three stations was merged to constitute the present project. During 
World War II activities were directed to immediately pressing prob- 
lems of vegetable seed production. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Up to 1943 funds for the vegetable investigations at Cheyenne aver- 
aged about $18,000 per year. In 1944 and 1945 the amount reached 

$36,000 for emergency a. Following the merger in 1946 annual 
allotments for vegetable work at the three stations have ranged 
from $46,980 to $58,920 in 1950. Expenditures at Mandan and at 
Woodward were about $4,000 annually at each place before the 
merger. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Two varieties of extra early pumpkins have been produced and re- 
leased to the seed trade.—These varieties are now widely grown in all 
parts of the United States as well as in other countries. 

A very early tomato variety, Alpine, has been developed.—This 
tomato is valuable for home gardens in regions of short growing 
seasons. It is particularly useful as one parent in producing hybrid 
seed for growing early maturing hybrid tomatoes for the canning crop. 
It is also being used by Midw estern breeders as a source of high color 
and good quality. 

Several hundred varieties of vegetables have been tested each year.— 
Over a long period at the three stations, information has been pub- 
lished regarding those vegetables suitable for growing in various parts 
of the Great Plains. A Farmers’ Bulletin has been issued on Home 
Vegetable Gardening in the Central and High Plains and Mountain 
V alleys, embodying the new information obtained. 
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Extensive field and laboratory work has been completed on vegetable 
seed production under central Great Plains conditions.—High yields 
of carrot, onion, and beet seed were shown feasible under Great Plains 
conditions, affording additional production capacity if and when 
needed in emergency. 

Several strains of disease-resistant beans have been obtained.—These 
strains are being used in breeding work in the national project. 


F, SOME ADDITIONAL WORK NEEDED 


Continued breeding to improve quality and fruit size in tomatoes, 
squashes, and pumpkins adapted to Plains conditions. 

Studies on factors influencing the vitamin content and other con- 
stituents of several root crops during storage. 

Further testing of muskmelon selections. 

Continue testing new varieties and strains of vegetables as they 
become available to determine their suitability under Plains conditions. 


VEGETABLE PLANT Bep DIsEaAseEs IN THE SOUTH 
(BPISAE—b—4-11—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop the most profitable methods of disease control, culture, 
and handling that will result in the production of the highest quality 
of plants for transplanting purposes in the North and the largest 
feasible number of high-quality plants per acre of plant bed. Major 
attention is given to tomato plants because they are by far the most 
extensively produced, are the most important economically, and en- 
counter more serious disease problems than do cabbage, onion, and 
other plants that are also grown. Disease control is of first importance, 
nutrition and cultural studies second. 


B, CURRENTLY ACTIVE LINE PROJECTS 


b—4—11-1—Causes, overwintering, and spread of diseases in vege- 
table plant beds. To develop background information that will afford 
a basis for devising the most practical methods of disease control. 

b—4-11-2—Disease control in plant beds by chemical sprays and 
dusts and other means. To develop the most effective and economical 
ways of avoiding or controlling diseases that impair quality of plants 
for transplanting, especially those diseases that may be carried on the 
plants into the crop-producing areas of the North. 

b—4-11-8—Soil fertility and cultural practices in relation to disease, 
growth, and quality of vegetable plants. To develop soil management, 
culture, and fertilizer practices that will result in the best obtainable 
size, vigor, and firmness of plants having the best shipping properties 
and best field value when transplanted. 

b-4-11-4—Handling, grading, and shipping southern-grown vege- 
table plants northward. To develop aiethods of harvesting, hauling, 
grading, and packing in the packing shed; stowing in cars, trucks, or 
planes; ventilating, cooling, or icing for best preservation of the quali- 
ties of good plants between plant bed and the fields where they are 
transplanted. 
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©. HISTORY AND EVOLUTION OF THIS WORK 


This project was initiated in 1936 as a result of the difficulties en- 
countered both by plant growers and plant purchasers in getting ade- 
quate supplies of plants of satisfactory quality at prices that were 
mutually profitable. While major attention has been devoted to de- 
veloping and improving spray schedules for disease control, very 
profitable findings on seed tre itment, time of planting, rate of seeding, 
row spacing, and related matters have been made. During the later 
years of the work relativ ely more emphasis has been given to plant 
nutrition as a means of improving plant quality and profit per acre 
of bed. With some of the less difficult problems reasonably cared for, 
increasing attention is now being given to basic work on diseases and 
the inter-relations of soil fertility and plant response to disease and to 
shipping conditions. New fungicides are tested as they appear, and 
efforts are made to develop more effective methods of research on the 
problems affecting the industry. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Annual expenditures have varied from about $10,000 in 1936 to 
824.500 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Output of plants per acre has been doubled, or better.—This is 
largely as a result of the numerous improved techniques worked out 
and taught to the growers by this project. 

Disease control has been improved.—Plant beds now remain in cer- 
tifiable condition longer than formerly and fewer fields fail to meet 
certification standards, 

Loss of plants or of plant quality in transit has been reduced. 
Through controlled shipping experiments, improved ways of han- 
dling car and load temperatures have been found. 

(reneral.—Whereas 15 years ago the southern plant industry ap- 
peared to be heading for a dec line because of inc reasing troubles and 
dissatisfaction of customers, it is today larger, a more dependable 
source of good plants, and more important than ever before. 


F. SOME ADDITIONAL WORK NEEDED 


Soil-borne disease organisms present some of the most difficult prob- 
‘6 ams. In comparison to their seriousness they have been little studied, 
largely because of the expense and the slow races involved in this 


field of researc h. W hen less difficult matters have been settled, a large 
task will remain in this area for many years. The problem is a 
general one. 
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Researcu Intro tHe Hereprry aNp Benavior or VecetTaBLe-Crop 
PLANTS FOR THE DeveLOPMENT OF IMPROVED VaArRieTIES HaviNnG 
Supertor ADAPTATION TO THE SOUTHEASTERN REGION OF THE U NITED 
STATES 


(BPISAE—SRF-3-—1—Federal-State—SRF Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Fundamental genetic investigations on vegetable crop plants are 
conducted to afford an adequate foundation for improvement of those 
plants through practical breeding and the production of new, disease- 
resistant, better adapted, higher quality vegetables for both home and 
market or processing use. Since vegetable breeding and commercial 
vegetable-seed production have been concentrated largely in the north- 
ern part of the United States for the past century, most of the com- 
mercial varieties of vegetables available for use by southern growers 
have been none too well adapted to the South. The staff of the United 
States Regional Vegetable Breeding Laboratory, at Charleston, 5. C., 
in collaboration with workers in the 13 Southeastern States, search out 
plant forms possessing characters needed in new varieties that are not 
now available in desirable varieties. They determine the manner of 
inheritance of the specific characters of particular interest or impor- 
tance in the several crops and develop hybrids from promising parent 
varieties and kinds. The best of these hybrid lines are then distributed, 
while still segregating, to the collaborating States to make selections 
under their local conditions in order to adapt the new varieties to the 
respective local or regional conditions. The staff at the laboratory also 
supplies basic genetic information to the collaborators to assist them in 
their respective parts of the practical breeding and improvement pro- 
gram. The project has produced a number of improved varieties now 
being grown commercially. 


B. CURRENTLY ACTIVE LINE PROJECTS 


SRF-3-1-1—Breeding peas for disease resistance and adaptability 
to the Southeast. ‘To produce large-seeded, large-podded, sweet vari- 
eties of peas resistant to disease, heat, and cold and suitable for pro- 
duction in home gardens and for market in the South. 

SRF-3-1-2—Breeding snap beans for disease resistance and adap- 
tability to the Southeast. To develop high quality, more productive, 
disease-resistant varieties of snap beans tolerant to heat and better 
adapted to both home and commercial production than the available 
varieties. 

SRF-3-1-3—Breeding. watermelons for disease-resistance and 
adaptability to the Southeast. To develop higher quality varieties 
of watermelon of desired sizes and shapes that will be resistant to wilt, 
anthracnose, and other diseases, and that will be resistant to breakage 
in transit. 

SRF-3-14—Breeding cabbage for disease resistance and adapta- 
bility to the Southeast. To develop high quality, round-headed, cold- 
resistant, nonbolting, disease-resistant varieties of cabbage for winter 
culture in the South to replace present varieties that are not of the 
best quality, are insufficiently hardy, and which bolt badly instead of 
forming heads. 
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SRF-3-1-5—Breeding sweet corn for disease resistance and adapt- 
ability to the Southeast. To develop high-quality varieties of sweet 
corn adapted to the Southeast that will be resistant to bacterial wilt 
and to corn earworm. 

SRF-3-1-6—Breeding tomatoes for disease resistance and adapta- 
bility to the Southeast. To develop high-quality, productive, new 
varieties that will be resistant to wilt and to the leaf diseases that make 
tomato production such a hazard in the South, also to develop varieties 
that will have good red color and high vitamin content under high 
temperature conditions. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Under authority of the Bankhead-Jones Act passed in late 1935 the 
Bureau established at Charleston, S. C., early in 1936 the United 
States Regional Vegetable Breeding Laboratory as a unit of the Divi- 
sion of Fruit and Vegetable Crops and Diseases. The objectives and 
mode of operation were developed jointly with the 13 collaborating 
States. Efforts have been made to adhere to the purpose of the Bank- 
head-Jones Act, which emphasized “Fundamental research basic to 
agriculture.” ‘Through the years increasing popular demand for 
quick, practical results having immediate cash value tended to inter- 
fere somewhat and detract from the major objectives of the act under 
which the laboratory was established. Even so, the laboratory has 
proved to be a focal point for vegetable breeders all over the South. 
Breeding materials developed by and distributed from the laboratory, 
as well as the interchanges of breeding materials among collaborating 
States and the laboratory, have quickened the progress of vegetable 
breeding in all parts of the South. Since the gradually increasing 
resources originally planned for this laboratory have failed to ma- 
terialize, the staff and program of work has remained comparatively 
small. There has been no expansion in either number or magnitude 
of projects after work at the laboratory was well under way. If the 
popular pressure for immediately practical results in the form of 
numerous new varieties is unrelenting, the proper development of the 
most important function of the laboratory will continue to be retarded 
to the detriment of practical plant breeding later. 


D. FUNDS—-ANNUAL EXPENDITURES 


Aside from the costs of capital investment in land, buildings, and 
initial equipment, annual expenditures have ranged from about $63,- 
000 to a maximum of $93,500 in 1949 and $83,900 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


New bean varieties developed—Contender, Florida Belle, and 
Logan are three commercial bean varieties now listed, especially bred 
for the South, that were released either by the laboratory or jointly 
by States in collaboration with the laboratory. The basic work on 
Florida Belle and Contender was done at the laboratory while final 
selections and testing were completed with the States. Contender 
promises to be a most important new shipping type of bean. 

New watermelon variety released.—Congo, a high-quality, anthrac- 
nose-resistant watermelon somewhat resistant to breakage in transit, 
was developed by the laboratory and released in 1949. Congo melons 
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sell well at premium prices and will undoubtedly become of great 
commercial importance. 

Disease-resistant variety of tomato produced.—Southland, a supe- 
rior tomato variety, released a few years ago is now generally offered in 
the commercial seed trade. It is outstanding in that it combines vir- 
tual immunity to fusarium wilt, high resistance to alternaria collar 
rot, and some resistance to one form of late blight. 

Nature of resistance to cracking in watermelon.—Basic work relat- 
ing to watermelon breeding showed that contrary to popular belief it 
is not so much hardness of rind as firmness of edible flesh that causes 
ripe watermelons to resist breakage in transit. 

Hardy pea produced.—aA high-quality variety of pea suitable for 
processing, named Wando, was developed and released at the labora- 
tory. It combines a degree of resistance both to cold and to heat that 
is not found in any other pea variety of equal quality. 

Inheritance of vitamin content studied. —Extensive studies on the 
inheritance of vitamin content in such crops as tomato, cabbage, and 
garden beans showed the feasibility of increasing the vitamin con- 
tent of those vegetables through breeding. Vitamin analyses are a 
routine part of the evaluation of breeding lines. 

New methods developed.—Pathologists and plant breeders have 
developed many specialized methods for determining reactions of 
breeding lines to cold, to specific diseases, and for evaluating special 
qualities, such as vitamin content or specific market qualities. Such 
new methods are essential if the hundreds and thousands of breeding 
lines are to be handled effectively and economically. 

Collection and development of disease-resistant and superior quality 


breeding material—Scores of —— valuable parent varieties 


have been collected and hundreds of breeding lines developed, which 
provide the reservoir of living material, the “raw stock,” so to speak, 
out of which commercially valuable varieties are being produced and 
will be produced. 


F. SOME ADDITIONAL WORK NEEDED 


Greatest need is for “basic research fundamental to agriculture” 
in accordance with the intent of the Bankhead-Jones Act, and as 
expressed in the language of the act. It is believed that the practical 
applications of basic findings will be easily taken care of by com- 
mercial breeders and by State institutions that are not in a position 
to carry out the basic studies necessary. The greatest returns will 
be obtained from this laboratory if there can be greater emphasis on 
the lines of work specified below. 

More time needs to be devoted to the search for resistance to specific 
diseases, to insects, to heat, to cold, or a search for specific qualities that 
are needed but not now present in our available varieties. 

When these specific characteristics are found, the next step should 
be to concentrate on the methods necessary to transmit them or incor- 
porate them into new forms.—Much more time needs to be spent in the 
developing of new principles and new methods of procedure that will 
enable Pa breeders, not only at the Laboratory but everywhere, to 
proceed with greater economy and with greater chances of success in 
their undertakings. When the manner of inheritance of a character 
is known, plans can be laid for incorporating it into a new variety as 
desired much more quickly and economically than if the plant breeder 
is compelled to work blindly. 
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Adaptations of new breeding devices need to be worked out for the 
crops under consideration here. 

Many important southern vegetable crops that have as yet received 
no attention at all in this program should be considered in the future.— 
Among them are sprouting bensesti, kale, and collards, and others of 
the cabbage family, celery, cucumber, onion, pepper, and squash. 
Under present conditions, work would have to be dropped on some of 
the six vegetables now under study if attention is to be given to any of 
the others. 


VEGETABLE INsEcTICIDES INVESTIGATIONS 


(BEPQ—I-d-9—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop new insecticides, insecticide 
formulations, diluents, solvents, and emulsifiers for the control of 
insects and related pests attacking truck crops in the United States 
that will control these pests without injuring the plants, the soil, or 
the operator, and which will not leave harmful residues on the mar- 
keted product, and to adapt those that show the greatest promise for 
commercial usage. The farm value of vegetables in 1949, including 
potatoes, sweetpotatoes, and dry edible beans and peas, was estimated 
at approximately $1,500,000,000. The anual toll exacted by insects 
on these crops is variously estimated at from 5 to 10 percent of this 
amount. There are several hundred species of insects that damage 
vegetables. The development of new insecticides and the improve- 
ment of old insecticides for this array of pests is essential to the con- 
tinued and profitable production of vegetables. Work currently is 
also under way to devia improved methods of applying insecticides 
to truck crops, utilizing hand- and power-operated dusters and spray- 
ers, aerosol dispensers, mist blowers, low-gallonage sprayers, air- 
planes, and helicopters. In addition, investigations are under way 
to determine control methods for the serpentine leaf miner as a pest 
of several important truck crops. In the development of these insecti- 
cides 2 a consideration is given to the avoidance of harmful in- 
secticide residues on the market product and to the effect of each of the 
materials on the plants, on the soil, and on the operator. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-9-1—New chemicals as insecticides. To determine the value 
of new chemicals, insecticides, insecticide formulations, diluents, sol- 
ventsyand emulsifiers for their usefulness in the control of insects that 
attack vegetables and to develop the insecticides that show greatest 
promise to a point where they can be adopted for commercial usage. 

I--9-2—Methods of applying insecticides to vegetables. To study 
and develop improved te of applying insecticides to vegetables 
for the control of insects and related pests, utilizing various types of 
ground equipment and aircraft for the application of such materials 
as concentrated sprays, dusts, aerosols, spray emulsions, and atomized 
oil solutions. 

I-~d-9-4—Insecticidal control of serpentine leaf miner. To dis- 
cover or develop the most effective insecticides, including methods and 
schedules for their application, for the control of the serpentine leaf 
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miner on such vegetables as cantaloupe, watermelon, tomato, and beans, 
with due reference to the effect of such insecticides on the infesting 
insects, on the plants, on the soil, on natural enemies of the insect, and 
with due regard to the avoidance of a harmful residue hazard on the 
marketed product. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on vegetable insecticides was started formally in 1938, 
although work on this subject had been carried on under several dif- 
ferent work projects for many years. Vegetable growers and 
gardeners demand methods and materials that will per mit the profit- 
able production of vegetable crops. An important section of this prob- 
lem is to develop more effective methods of applying insecticides, 
including such equipment as hand- or power-operated dusters and 
sprayers, aerosol dispensers, mist blowers, low-pressure-type sprayers, 
airplanes, and helicopters. In general, the improvements in methods 
of applying insecticides have not kept pace with the developments in 
new insecticide materials. In recent years special emphasis has been 
devoted to developing and testing insecticide- applying equipment. 

The pepper weevil was discovered in California in 1923 and soon 
caused such severe damage that it threatened the existence of the 
pepper crops of that State. Eighty percent of the crop was destroyed 
in some fields. A project on the control of the pepper weevil was 
begun in 1925 and discontinued in 1948. It was inactive, however, in 
1935, 1936, and 1943-46. 

The cabbage looper became a limiting factor in the production of 
the fall crop of lettuce in the Southwest in the late 1920's. During 
years of heavy infestations losses were from 5 to 30 percent. A project 
was begun at Phoenix, Ariz., in 1932 on the control of lettuce insects 
and was discontinued in 1942. 

There was an outbreak of a relatively new pest, the Puerto Rican 
mole cricket, in celery seedbeds at Sanford, Fla., in 1931. Studies 
were begun at that time on its control and were discontinued in 1939 
These studies were resumed in 1940 because of a severe outbreak of this 
insect and of the southern mole cricket on a wide variety of crops in 
central Florida. The mole cricket project was completed in 1943. 

Since the establishment of the current project tests have been made, 
against many different vegetable insects, of various formulations of 
the many new insecticides that have been placed on the market, includ- 
ing such materials as DDT, tatthouyehies, heptachlor, chlordane, 
toxaphene, TDE, benzene hexachloride, lindane, sabadilla, ryania, 
parathion, hexaethyl tetraphosphate, tetraethyl pyrophosphate, and 
allethrin, alone and in combination with two or more materials, and 
with various diluents, solvents, and emulsifiers. 

During recent years the serpentine leaf miner has caused severe 
damage to cantaloup, chante tomato, beans, peppers, and other 
vegetables in the West, Southwest, and South. The situation, in 1949, 
became so critical that it became necessary to start research in Arizona 
and California to develop a control for this pest. 

Extensive sae tolerance tests were conducted to determine the 
effect of DDT on plant growth and crop yield when applied to the 
foliage of the plant. Experiments of several years’ duration on the 
effect of accumulations of DDT and benzene hexachloride in the soil 
on crop growth yield and quality are under way. 
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D. FUNDS—ANNUAL EXPENDITURES 


The project was initiated in fiscal year 1938 with an expenditure of 
about $15,000. Annual expenditures were about the same (average 
of $15,000) until 1944, when they were increased to $38,000. The 
average from 1944 to 1949, inclusive, was $39,000. In 1950 they were 
$53,500. 

In addition to the above, the expenditures on related projects covered 
in this report were semana $56,000 on the pepper weevil (in- 
cluding $5,700 contributed by pepper growers in southern California), 
$30,000 on lettuce insects, and $70,000 on mole crickets. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery of satisfactory methods of controlling the pepper 
weevil.—The pepper-growing industry in southern California was vir- 
tually saved by control measures including the application of cryolite 
for pepper weevil control. Growers made a profit of over $500,000 
in 1941 alone by treating their fields with insecticides, It was later 
shown that better control can be obtained with DDT at reduced cost. 
Practically all of the fields in this area are now regularly treated with 
insecticides for pepper weevil control. 

Effective methods developed for the control of the cabbage looper on 
lettuce —It was found that loopers could be controlled by two appli- 
cations of cryolite dust, about 5 days prior to thinning the plants and 
immediately after thinning. It was also demonstrated that applica- 
tions of the poison at this time to head lettuce did not result in poison 
residues on the marketed product. Rotenone dust was shown to be 
fairly effective in killing the loopers on the older plants. 

More efficient poison bait for mole cricket control—It was discovered 
that baits containing calcium arsenate killed only the Puerto Rican 
mole cricket, but that baits containing sodium fluosilicate kill both 
the Puerto Rican and the southern mole crickets. It also showed that 
the required amount of bait per acre-application could be reduced from 
the 60 pounds recommended for many years to 20 pounds. This dis- 
covery enabled vegetable and berry growers to reduce losses to their 
crops and lowered the cost per acre for control. This work resulted 
in a direct saving of over $12,000 to the Government alone in the pur- 
chase of raw materials for treating 34,439 acres in Florida in 1942. 

Aerosol method of applying insecticides to vegetables—Work on 
aerosol formulations and equipment for applying insecticides in the 
field led to the successful control of the pea aphid and onion thrips in 
the field with DDT aerosols. Suitable formulations and Seaiaiuares 
were developed for the control of thrips, aphids, and whiteflies on 
greenhouse tomatoes with DDT aerosol and for the control of spider 
mites, thrips, and aphids on greenhouse cucumbers, lettuce, and toma- 
toes with TEPP aerosols. 

DDT can be used on a wide variety of crops without plant in- 
jyory—Experiments designed to determine the effect of DDT on 
vegetables and tobacco have shown in general that, under different 
climatic conditions, DDT wettable powder sprays or DDT dust mix- 
tures can be used safely on many crops, including tobacco. However, 
some varieties of tomatoes, beans, and cucurbits, especially the squash, 
are susceptible to the action of DDT when applied to the foliage; and, 
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further, some plants, such as the ornamental kalanchoe, are extremely 
sensitive to this chemical. ; 

DDT proven to be effective against many kinds of insects affecting 
vegetables —While it has been demonstrated that DDT insecticides 
are effective against a wide variety of insects, there are some kinds 
that do not succumb to it, such as the Mexican bean beetle, the melon 
aphid, the tobacco hornworm, and spider mites. Incidentally, the 
tomato hornworn is susceptible to the action of DDT. 

Methoxychlor shows promise as a vegetable insecticide —Early 
tests with methoxychlor demonstrated its value against Mexican bean 
beetle and the pea weevil. It promises to be useful against some 
other vegetable pests as well. It is not as toxic to warm-blooded ani- 
mals and disintegrates within a reasonable time after application to 
the plant, as compared to DDT. 

Phosphatie compounds in spray, dust, and aerosol form highly 
effective against aphids and red spider mites—The so-called phos- 
phatic compounds, such as hexaethyl tetraphosphate (HETP), 
tetraethyl pyrophosphate (TEPP), and parathion, are the more effec- 
tive chemicals tested to date in the control of aphids and red spider 
mites. Parathion has shown a high degree of killing power to a 
larger number of different kinds of insects than either HETP or 
TEPP, and dissipates more slowly. The action of HETP and TEPP 
on the insects must be immediate, whereas there is some delayed action 
with the use of parathion. Chemical analysis shows the phosphatic 
compounds to be comparatively safe from the consumer standpoint 
but hazardous to the persons handling and applying the material. 
The chemical analysis of treated fruits and leafy vegetables has shown 
that the residues from the use of TEPP and HETP shortly after 
application are practically nonexistent, whereas in the case of para- 
thion within 20 days after treatment only mere traces of this material 
is found. Through skin absorption and by inhalation, all of these 
materials can be poisonous to man and fatal if under continuous 
exposure. 

Systemic insecticides open new insect pest-control approach.—A 
systemic insecticide known as octamethyl pyrophosphoramide was 
tested recently for the control of red spider mites and aphids. This 
material when applied to the plant is absorbed and combines with the 
plant juices and is distributed to all parts of the plant in an upward 
and lateral direction. Aphids of certain species and the two-spotted 
mite when feeding on such treated plants are killed. Preliminary 
tests have shown that plants produced from pea seed treated with this 
material remain free from pea aphids for 3 weeks or more. 

Mist blower developed that gives promise of cheapening insect-con- 
trol operations —A machine that is essentially a modification of a 
low-pressure, low-gallonage sprayer and which delivers highly con- 
centrated insecticides in the form of a mist at a low dosage per acre 
has been developed and used experimentally with marked success. If 
later tests with this machine substantiate the early work, this develop- 
ment should be instrumental in reducing the cost of treatment of 
several vegetable crops for insect control by saving of material and 


labor. 
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F. SOME ADDITIONAL WORK NEEDED 


In addition to the continuation and successful completion of the 
current research, there is an immediate need for extensive inve stiga- 
tons on the effect of newer insecticides on plants and soils—Tests with 
the newer insecticides, such as DDT, toxophene, TDE, chlordane, 
lindane, aldrin, dieldrin, and methoxychlor, have shown that they 
have a wide field of usefulness for the control of many species of 
insects affecting vegetables. These tests have revealed, however, that 
some of these materials i injure some crops under certain crop and soil 
conditions and that they may accumulate in the soil in potentially 
dangerous quantities when applied directly to the plants or when 
mixed with the soil to control such insects as wireworms and root 
maggots. It is important, therefore, that extensive research be under- 
taken to determine the limitations on the use of these materials and 
methods that can be followed to avoid soil poisoning and crop injury 
as the result of their use. 


Wireworm INVESTIGATIONS 
(BEPQ—I-d-11—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to devise cheap and effective methods 
of ridding irrigated lands of damaging populations of wireworms. 
Wireworms live in the ground and reduce crop yield and quality by 
feeding on the underground parts of plants. Wireworms in destruc- 
tive numbers have accompanied development of agriculture in the 
West because irrigation, which provides favorable conditions for culti- 

vated crops, is likewise especially suitable for wireworms. Wire- 
worms, as the name denotes, are slender, shiny, tough, yellow- -orange 
colored larvae, the immature form of click beetles, They live 3 to 5 
years in the immature or feeding stage. Annual crops, such as beans, 
carrots, onions, lettuce, potatoes, and sugar beets, suffer greatest 
damage in irrigated areas. Wireworm feeding scars on root crops 
render them unmarketable or reduce the market grade. 

This work involves (1) the development of cropping practices that 
will provide conditions unfavorable to the rapid reproduction of wire- 
worms and at the same time conform with good crop culture in a given 
area, and (2) the development of chemical treatments for sel and 
soil that will control wireworms without having any ill effects on 
productivity of the soil or quality of the crop. In the treatment of 
soil with chemicals, soil types and moisture content affect the diffu- 
sion of the fumigant and the uniform distribution of an insecticide 
mixture. A study of the seasonal occurrence, feeding habits, and 
length of life of the wireworms, together with the identity of the wire- 
worm, all have an important bearing on the development of control 
measures that can be used advantageously by the grower. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-11-1—Crop rotation and other cultural practices for wire 
worm control in irrigated lands. The work at present consists chiefly 
of the preparation of manuser ipts on completed studies. 
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I-d-11-2—Soil treatment with insecticides for wireworm control. 
Laboratory and field experiments are conducted with insecticides and 
soil with the objective of making further improvements in methods 
of control. Experiments are also conducted on the tolerance of truck 
crops to soil applications of such chemicals as are effective in killing 
wireworms. 

I-d-11-8—Biology of wireworms. The purpose of studies on 
biology is to obtain such information on the life history, habits, and 
physical requirements of wireworms as may be helpful in designing 
control measures. 

I-d-11-5—Surveys of wireworm abundance and distribution. To 
obtain information on the abundance, distribution, and identity of 
wireworms on new or proposed irrigation projects with the principal 
objective of establishing practices to reduce potential damage by these 
insects. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigations on wireworms in irrigated land were initiated with 
a study of the biology and control of the sugar beet wireworm in Cali- 
fornia, as a one-man project, in 1909. This work was expanded later, 
with headquarters at Alhambra, Calif., and after 1939 it was located 
at Ventura, Calif. 

In 1924 headquarters for wireworm investigations in the irrigated 
areas of the Northwest were established at Walla Walla, Wash., where 
they have continued to date. From 1929 to 1944 a study on this proj- 
ect was conducted from a laboratory in the Boise Valley, at Prosser, 
Idaho. 

Aside from these investigations on the irrigated land wireworms, 
investigations were conducted as follows: 1919-24, dry-land wire- 
worms on wheatlands of the Northwest; 1913-15, sand-land wire- 
worms in Missouri; 1910-14 and 1930-34, sand-land wireworms in 
South Carolina ; 1927-37, Gulf wireworms in Mississippi and Alabama. 

The investigations on irrigated land wireworms have involved a 
study of the seasonal activities of the wireworm in different types of 
soil, length of life cycle, and feeding habits as an aid to the develop- 
ment of control measures. This work involved the development of 
sampling methods that would give dependable readings on wireworm 
infestations in fields, especially where the wireworm populations were 
not evenly distributed. Further, it required the devising of means 
of readily examining soil samples to determine wireworm populations 
before and after treatment. Those methods finally adopted involved 
both soil screening by mechanical operation and soil washing. Soil 
washing could be used when the soil was too wet to screen. Extensive 
experiments have been conducted on direct control by baiting, soil 
fumigation, trapping of adults, withholding of irrigation water, or 
drying of land, flooding, and indirectly, by crop rotation or land 
handling. Each of these methods gave some relief under special 
conditions, but none brought about the desired results until the dis- 
covery of the effectiveness of DD mixture (chlorinated propane- 
propylene) against wireworms. Following this discovery special 
machinery was designed by industry, based on advice from the labora- 
tories, to apply the fumigant on a commercial scale. Continued ex- 
perimental work on soil fumigants revealed ethylene dibromide as a 
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more effective chemical than the DD mixture and it is now being used 
extensively. Soil fumigants are expensive and of short duration. 
Work with chemicals such as DDT, benzene hexachloride, and 
chlordane applied in dust form or in w ater mixtures to the soil fol- 
lowed the research with soil fumigants. Benzene hexachloride was 
outstanding in its performance against wireworms, but it unfortu- 
nately imparted an off-flavor to root crops, especially to potatoes, 
which ruled it out as a soil insecticide. Its effect lasts at least 3 years. 


D. FUNDS—-ANNUAL EXPENDITURES 


Estimates of expenditures prior to 1924 are not available. Ex- 
penditures in 1924 and 1925 were $9,000 and $10,000, respectively. 
Average annual expenditures for fises il years 1926-30 were about 
$21, 000: 1931-35, $48,000 ; 1936-40, $38,000 ; 1941-45, $32,000 ; 1946-50, 
$55,000, and in 1950, $58 000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Dry-land wireworm controlled by clean summer fallow.—The early 
work on the dry-land wireworms showed that damage could be pre- 
vented in wheatland by a clean summer fallow, which eliminated the 
weeds as the food of the newly hatched worms. 

Cropping plan developed to reduce damage by sand-land wire- 
worms.—A 2- and 3-year plan for cropping land infested by sand-land 
wireworms, which added humus to the soil, was demonstrated to be 
of value in reducing losses to the cotton and corn crops. 

Alfalfa key crop in wireworm control by cropping practices.—The 
influence of different crops on the development of wireworms showed 
that damage to potatoes could be materially reduced by planting this 
crop in lands that had been in alfalfa for 3 years 

Drying of soil fatal to wireworms. —Studies on the moisture re- 
quirements of wireworms showed they could not survive in very dry 
soil, and a fairly good crop of hay is obtained where water is with- 
held from a hay or pasturage crop for a season. Any hay or pastur- 
age crop loss resulting from lack of water is compensated for by the 
increase in yield or qui ality of the crop following. 

Soil po yulation of wireworms a guide to crops that can be grown.— 
The weak on soil sampling demonstrated that a simple sampling 
device could be used by the farmer in determining the population 
of wireworms in his lands, and as an aid in deciding the kind of crop 
to plant. For example, if no more than four wireworms are found 
in a soil sample of 5 cubic feet, late potatoes can be planted. If 5 
to 8 worms are found early potatoes or sugar beets can be planted, 
and if 9 to 15 worms it is safe to plant beans, peas, or small grains. 
With 15 or more worms per sample severe damage may occur to any 
annual crop and the safest plan is to seed alfalfa and let it stand 3 
years. 

DDT an effective remedy for wireworm control.—Karly experiments 
by mixing DDT with the soil showed that this material, even in rela- 
tively large quantities, acted slowly on 2- to 3-year-old wireworms 
and that it killed newly hatched or first-year individuals at rates as 
low as 10 pounds per acre. This discovery has led to a widespread 
use of DDT as a means of controlling wireworms in irrigated lands 
of the West. 
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Ethylene dibromide an outstanding soil fumigant for wireworms.— 
Large-scale wireworm control operations in California got under way 
when it was demonstrated that a chemical mixture known as DD 
mixture properly incorporated in the soil would effect a good kill of 
wireworms. Later it was found that ethylene dibromide was a more 
effective fumigant and the cost of treating the soil was less than with 
the DD mixture. 

Ethylene dibromide-DDT treatment a rapid and lasting method of 
ridding irrigated land of wireworms.—While ethylene dibromide kills 
wireworms of all stages it has no lasting effect after the initial appli- 

‘ation. On the other hand, DDT has ‘slow initial action, but it re- 
mains active against wireworms, particularly the immature forms, for 
as long as 5 years. Therefore, a combination treatment of fumigation 
with ethylene dibromide, followed the next season by treatment with 
DDT at the rate of 10 pounds to an acre, has yielded the most beneficial 
results ever obtained against these pests and is being used by many 
growers. Growers of lima beans in Ventura C ounty, Calif., now reai- 
ize an additional yield worth 714 million dollars annually through the 
use of this method of wireworm control. 


F, SOME ADDITIONAL WORK NEEDED 


In addition to the current research there is an immediate need for: 
Work on the control of wireworms in nonirrigated lands, particu- 
larly in the South and Northeastern States. The crop returns from 
these lands do not permit such a large outlay of funds as is the case 
in the irrigated areas. A careful study is needed to delimit the most 
seriously affected wireworm-infested lands, and experimental work 
should be initiated on cultural and other methods of control. 


Srep-Corn Maaceor INVESTIGATIONS 
(BEPQ I-d-18—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The pare of the current work is to develop methods of control of 


the seed-corn maggot. ‘This insect annually causes crop loss in many 
parts of this ¢ ountry by feeding upon the sprouting seeds and seedling 
roots of such vegetables as beans, peas, potatoes, spinach, « -abbage, 
broccoli, and melons. This i injury results in loss of stand or spotty 
stands of the newly planted crop, necessitating replanting in many 
instances. The current work is concerned with the development of 
the most effective and economical methods for controlling the seed- 
corn maggot as a pest of various vegetables, with special reference to 
the prevention of damage to sprouting lima bean seeds and young 
bean plants in southern California. In addition, information is be- 
ing sought on facts regarding the habits of this insect that are needed 
for the development of effective control measures. 


B. CURRENTLY ACTIVE LINE PROJECTS 


1-d—18—-1—Ecology of the seed-corn maggot in relation to control 
measures. ‘To obtain information on the seasonal occurrence and 
other habits of the seed-corn maggot that will aid in the development 
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of methods of stopping damage by this insect to — planted beans 
and the seeds and seedlings of other vegetable cro 

I-d-18-2—-Control of the seed-corn maggot on eans and other vege- 
tables. To develop satisfactory methods of controlling seed-corn 
maggot damage to beans and other vegetable crops by cultural prac- 
tices, » by direct insecticidal control, or by any method that will protect 
the seeds or seedlings of susceptible vegetable crops without injury to 
the crops or to the soil. 


C. HISTORY AND EVOLUTION OF THIS WORK 


General attention was given for many years, by entomologists of the 
Department, to the control of the seed-corn maggot as a pest of vege- 
table crops. In 1925, a systematic study was begun in South Car olina 
and in North Carolina on this insect as a pest of potato seed pieces. 
This work was expanded in 1927 to include research on the seed-corn 
maggot as a pest of spinach seedlings. At this time the insect was 
causing a decrease of approximately 25 percent in the yield of spinach 
in South Carolina, valued at nearly $30,000. Field experiments dis- 
closed that seed-corn maggot infestations on spinach were most severe 
in soils containing large quantities of decaying vegetation, particu- 
larly where such crop remnants as beans had been plowed under be- 
fore planting spinach, or where organic fertilizers containing such 
materials as cottonseed meal, fish products, and animal tankage had 
been applied before the spinach was planted. Spinach growers now 
are able to avoid severe losses from seed-corn maggot attack with this 
information at hand. ‘The work on the seed-corn maggot project was 
discontinued in 1933. Research was reactivated in 1949 in southern 
California where the seed-corn maggot has been particularly destruc- 
tive to sprouting lima bean seed in recent years. This maggot caused 
an estimated loss of $30,000 to the bean industry in three counties of 
southern California during 1948, owing to the necessity of replanting 
severely damaged bean fields and to the decreases in yield caused by 
reduced stands of plants in other fields. Good progress has been 
made in obtaining useful information on the habits of the seed-corn 
maggot. Such biologic al data is a “must” in finding a solution to the 
problem, especially in devising direct control measures for the insect. 
This research is still under way. 


D. FUNDS-—-ANNUAL EXPENDITURES 


{stimates of expenditures prior to 1927 are not available, but prob- 
ably did not exceed a few hundred dollars annually. Expenditures 
through 1927-33 averaged $2,000; 1934 to 1949, none; and fiscal year 
1950, about $10,500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Seed-corn maggot control developed to protect spinach seedlings.— 
The discovery that use of fertilizers containing organic materials or 
that plowing under of certain crop remnants before planting spinach 
created very favorable conditions for the seed-corn maggot enables 
spinach growers to avoid these practices and to escape serious losses 
from maggot attack. All spinach growers now use this information, 
to their benefit. 
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Seed-corn maggot shown as primary feeder on sprouting seeds or 
growing seedlings.—Nutritional studies demonstrated that growing 
bean and pea seedlings free from bacteria or other decomposition pro- 
vided a suitable medium of growth for seed-corn maggot larvae, 
although these larvae were able to grow to maturity on pieces of potato 
or on beans and peas that had partially decomposed and been steri- 
lized by heat. ene studies emphasized that healthy seeds or seed- 
lings could be attacked by the maggot larvae and that their depreda- 
tions were not secondary to the action of rots or other decomposing 
influences. 

Progress made in devising direct control for the seed-corn maggot 
on beans.—Results thus far indicate that water mixtures containing 
certain insecticides give control of the seed-corn maggot when applied 
simultaneously to the bean seed and to the surrounding soil during the 
planting process by means of a specially constructed device attached to 
the rear of the bean-planter boot. Field tests wherein bean seeds 
were coated with these insecticides, with or without a sticker, give en- 
couraging indications of seed-corn maggot control. Under some con- 
ditions, however, the germination of the bean seed may be injured by 
this treatment; the treatment needs to be perfected. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to current research there is an immediate need for— 

Research on seed-corn maggot control on beans.—The seed-corn 
maggot is a serious pest of beans wherever this crop is grown and 
during recent years has caused extensive losses to the bean crop not 
only in California, where current research is being conducted, but also 
in such widely separated areas as New York and Michigan. Since 
cultural and climatic conditions differ greatly in these different area 
there is an urgent need to expand the research activities to inc hade 
eastern and midwestern areas. This action has been recommended by 
the Advisory Committees on Dry Beans and Peas and Seeds under the 
Research and Marketing Act. 

Control measures for the seed-corn maggot on vegetable crops other 
than beans.—The losses caused by the seed-corn maggot to spring- 
seeded crops are measured in loss of stand and earliness of production 
of many crops, such as melons, peas, and spinach. A comprehensive 
study of this insect, its seasonal habits, and its response to weather 
conditions and food factors needs to be made in several regions of the 
United States, as an intelligent approach to control, whether by insec- 
ticides or other preventive measures. 


EmerGeNcy Surveys or Insect Pests INsurtious Tro VEGETABLES AND 
Fruir Crops, AND THerr ConTrot REQUIREMENTS 


( BEPQ—Federal-State-Private—Incipient and Emergency Outbreak Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to aid American farmers in preventing 
losses to vegetable and fruit crops from insect pests. If not con- 
trolled, these pests make it impossible to meet production goals of 
the essential food crops required for civilian and military use. Farm- 
ers must be in a position to apply effective insect-control measures at 
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the proper time. Inability to procure insecticides when needed and 
delays in applying them often result in serious crop losses. Almost 
every year there are shortages of certain important insecticides re- 
quired to control insect pests of agricultural crops. In times of war 
the situation is especially critical, due to the urgent need for the diver- 
sion to military purposes of basic materials used in the manufacture 
of some insecticides and inability to import adequate supplies of es- 
sential ingredients required for the preparation of others. Even in 
times of peace, shortages of national or local nature develop. This 
results largely because insecticide manufacturers and distributors 
have no effective means of knowing, well in advance of insect out- 
breaks, the volume in which various insecticides will be required and 
the areas in which needs will be greatest. Time after time, general 
outbreaks of important pests have been discovered when it was too late 
to apply control measures effectively or to make the needed supplies 
of insecticides and application equipment available to farmers in time 
to protect the crops. Currently, Department entomologists cooperate 
with State and private agencies in conducting special surveys in vege- 
table- and fruit-growing areas to determine the status of important in- 
sect pests of these crops and their control requirements. The infor- 
mation thus obtained is promptly circulated on a weekly basis or, if 
necessary, more frequently to interested persons and agencies for their 
guidance in assisting farmers to control the pests and prevent or re- 
duce crop losses. In some instances, the survey data make it possible 
to provide information concerning serious infestations or impending 
outbreaks well in advance of their occurrence. 


B. CURRENTLY ACTIVE LINE PROJECTS 


No line projects have been established, although the work concerns 
mainly two distinct fields; namely, vegetable insects and fruit in- 
sects. Insects attacking tobacco in the field are included in connec- 
tion with the survey of vegetable insects. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During World War II several of the more important insecticides, 
such as rotenone, pyrethrum, nicotine, and the arsenicals, which were 
needed for the control of insects attacking vegetables and fruits, 
were so scarce that some insecticides and practically all the materials 
needed to make insecticides were placed under allocation control. 
This was necessary to conserve the supplies of these materials and to 
use the available stocks only for the most pressing needs for use on 
essential crops that had the highest priorities. The same situation 
existed with respect to the conservation and use of equipment for ap- 
plying insecticides. As a part of the effort to conserve and make the 
best possible use of the limited supplies of insecticides and equipment, 
this Department in cooperation with other Federal and State agen- 
cies and industry, instituted in the spring of 1948 special emergency 
surveys of truck crop and fruit insects and their control requirements 
in order to determine the current insect situation on these crops 
throughout the country. The information obtained in these surveys 
was circulated weekly to all interested persons and agencies and 
showed clearly (1) the localities or districts where actual or potentially 
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dangerous numbers of insects were attacking specific crops; (2) the 
local or regional availability of the necessary insecticides to combat 
the particular species of insect involved; and (3) the availability of 
equipment for applying the required insecticide material. With this 
basic information on hand, it was possible for the Federal officials to 
aid industry to get supplies of basic materials needed to produce ad- 

ditional quantities of insecticides or equipment and guide the distri- 

bution of the limited supplies to meet emergency situations and thus 
produce food badly needed for the war effort. 

In order to make these survey activities effective and to issue weekly 
reports on the current insecticide and equipment situation, it was 
amu to organize a system whereby coordinators were appointed 
to solicit and compile the information in report form from several] 
adjacent States. For example, in conducting the vegetable-insect 
survey, a Department employee with headquarters at Norfolk, Va., 
acted as coordinator for Virginia, North Carolina, Maryland, Penn- 
sylvania, Delaware, and New Jersey. Another employee, with head- 
uarters at Quiney, Fla., acted as the coordinator for Florida, South 
Jarolina, Georgia, Alabama, Mississippi, and Louisiana. In addition, 
reports were received from many individuals from various States. 

The emergency situation with respect to insecticide and equipment 

yailability continued after the close of World War II and is still one 
of the problems faced by the producers of important food crops and 
by the insecticide industry. It has been necessary, therefore, to con- 
tinue these surveys. 


D. FUNDS—ANNUAL EXPENDITURES 


For the vegetable-insect survey, approximate annual expenditures 
during the fiscal years 1944 to 1947, inclusive, ranged from $13,000 
to § $16,000. During the fiscal years 1948 to 1950, inclusive, annual 
expenditures ranged from $9,500 to $10,000. The expenditure in 
1950 was $9,500. Annual expenditures for the fruit-insect survey 
have ranged from $2,500 in fiseal year 1946 to $3,500 in fiscal year 
1950, and averaged $3,100. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Survey data useful to war agencies in allocating i insecticides.—Dur- 
ing World War II, the weekly summaries of current information on 
the status of insect pests that required pyrethrum, rotenone, and the 
arsenicals for control were supplied to the Federal agencies respon- 
sible for the allocation of these and other critical materials. These 
agencies utilized the data to good advantage in allocating supplies 
of critical materials and expressed the opinion that without the in- 
formation they would not have been in position to supply materials 
urgently needed to protect essential food crops. The industry relied 
heavily on the data to distribute their products to localities where 
and when the need was the greatest. As a result of the coordinated, 
integrated effort, essential ‘insecticidal requirements were met and 
crop losses that would have resulted were largely avoided. 

Extensive bean acreages in North Carolina saved from Mexican 
bean beetle —During 1943 and 1944 a serious outbreak of the Mexican 
bean beetle threatened the section in North Carolina where there wa 
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rapid expansion of the bean crop. Local supplies of insecticides were 
inadequate. Information obtained by the vegetable-insect surveys dis- 
closed that a critical situation existed, and additional supplies were 
made available in time to meet the needs. Approximately 5,000 
pounds of rotenone root was supplied the area in 1943 and 17,200 
pounds in 1944 to meet the emergency. This quantity of root, when 
made into the finished insecticide, was sufficient to treat a total of 
approximately 8,800 acres of beans during the 2 years. The protected 
crop was estimated to have a farm value in excess of $1,000,000. 

Special authorization for use of rotenone saves cabbage crop.—The 
diamondback caterpillar appeared in destructive numbers in many 
sections of the Southeast during 1943 and threatened large acreages 
of cabbage, an essential food crop. Factual data obtained by the 
field surveys established that a critical condition existed and with 
these facts as a basis the Federal agencies responsible for allocation 
modified the then existing rules governing uses for rotenone and 
authorized the use of that material to suppress the outbreak. One 
grower in North Carolina alone reported that the release of rotenone 
to combat this caterpillar on cabbage saved his crop valued at $10,000. 

Nicotine supplied by industry to areas suffering from shortage.— 

In the spring of 1946, collaborators reported an urgent need for 
nicotine sulfate to control aphids on approximately 1,000 acres of 
apple and various vegetable crops in Wisconsin. Supplies of that 
material were reported as about 40 percent short at the same time in 
Michigan, where supplies were urgently needed to control apple 
aphids. Industry was promptly notified and immediately shipped 
the necessary nicotine supplies to these areas. 


F. SOME ADDITIONAL RESEARCH NEEDED 


In addition to continuation of the current emergency surveys, there 
is immediate need for marked expansion of surveys.—Additional sur- 
veys to determine the current status of insect pests of all essential 
crops and their control requirements is needed. This should include 
the establishment of full-time coordinators in all strategic parts of the 
United States. These coordinators should be well-trained entomolo- 
gists and should be provided sufficient facilities to enable frequent 
contact with field workers of all types who are conversant with current 
insect and insecticide conditions as a basis for obtaining adequate and 
reliable data and for disseminating it promptly to all interested per- 
sons and agencies. The vegetable- and fruit-insect surveys have been 
helpful to farmers, county agricultural agents, and other extension 
workers, and to the insecticide industry in reducing losses and in- 
creasing yield of various vegetables and fruit crops. The benefits 
can be extended by improvements in organization and perfection of 
cooperative arrangements to further and more rapidly utilize the 
data assembled and distributed. 


CROSS REFERENCES—-PRODUCTION 


For additional information especially pertinent to subjects re- 
ported on in this chapter see also: 


BEPQ—<c-b-1, Chapter 35, sweetpotato weevil. 
BEPQ—c-b-2, Chapter 35, sweetpotato weevil. 
BEPQ—C-k-5, Chapter 35, golden nematode control. 
BEPQ—I-b-10, Chapter 31, Japanese beetles. 
BEPQ—I-d-1, Chapter 7, bean insects. 
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BEPQ—I-d-4, Chapter 7, pea insects. 

BEPQ—I-<d-10, Chapter 16, leafhopper investigations. 

BEPQ—I-d-14, Chapter 18, greenhouse vegetable pests. 

BEPQ—I-d-15, Chapter 18, mushroom insects. 

BEPQ—I-e-8, Chapter 31, white-fringed-beetle investigations. 

BEPQ—I-g-1, Chapter 38, bee disease and poisoning. 

BEPQ—I-g-3, Chapter 38, insect-pollination investigations. 

BEPQ—I-k-1, Chapter 31, natural enemies of insects and weeds. 

BEPQ—I-m-3, Chapter 31, insecticide residues. 

BEPQ—I-n-5, Chapter 31, insecticides on parasites and predators. 

BEPQ—I-0-1, Chapter 12, oriental fruitfly. 

BEPQ—I-o0-3, Chapter 12, chemical control of oriental fruitfly. 

BEPQ—I-0-4, Chapter 12, area control of oriental fruitfly. 

BEPQ—I-o-5, Chapter 12, destruction of oriental fruitfly by commodity treat- 
ment. 

BEPQ—BAI—BDI—BPISAE—BAIC—RM: b-72, Chapter 31, toxicological 
effects of insecticides, fungicides, and herbicides. 

BEPQ—RM : b—264, Chapter 12, fruitflies. 

BEPQ—RM: b—425, Chapter 7, control of whitefly and curly-top disease of beans. 

BEPQ—RM : b-532, Chapter 38, agricultural chemicals on insect pollination. 

BEPQ—Chapter 35, white-fringed-beetle control. 

BEPQ—I-d-11, Chapter 14, wireworm investigations. 

BPISAE—b-—+4-3, Chapter 7, pea and bean disease and improvement. 

BPISAE—b-+-9, Chapter 9, vegetable-seed culture, diseases, and standardization. 

BPISAE—b-11-1, Chapter 13, introduction and evaluation of vegetable crops, 

BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAB, b—4-15, Chapter 18, mushroom investigations. 

BPISAE—4d-1-3, Chapter 22, vegetable growing under irrigation. 

BPISAE—d-2-1, Chapter 22, fertilizer materials, improvement, etc. 

BPISAE—e-—1-4, Chapter 30, specialized crop production and harvesting. 

BPISAE—q-—2-2, Chapter 38, plant disease survey. 

BPISAE—RM: b-48, Chapter 31, research on nematodes. 

BPISAE—RM: b—51, Chapter 38, forecasting disease. 

BPISAE—RM: b-57, Chapter 31, methods and equipment for weed control. 

BPISAE—BEPQ—RM: b-ti8, Chapter 30, equipment and formulations for in- 
secticides. 

BPISAE—OES—RM .: b-111, Chapter 38, introduction and testing of new plants, 
ete. 

BPISAE—RM: b-289, Chapter 9, seed production of beans, peas, ete. 

OES—b-1-9, Chapter 12, vegetable investigations in Puerto Rico. 


B. UTILIZATION 
UrinizATION INVESTIGATIONS ON SWEETPOTATOES ! 
(BAIC—RRL-—2—-4—Federal-State—Regular Funds) 
(Cooperation with Private Organizations) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To further the utilization of sweetpotatoes by investigations on the 
production, properties, and applications of sweetpotato starch and 
other sweet potato products and byproducts. The ultimate objective is 
to contribute to the development of new and extended uses, markets, 
and outlets for sweetpotatoes in order that better advantage may be 
taken of the possibilities of the crop for diversification of southern 
farm enterprise and for adjustments to shifts in crop acreages. The 
emphasis in the current work is being shifted to the development of 
information to guide conversion of sweetpotatoes to improve food, 

1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other Bureaus of the Department. 


Likewise, under secs. D and BE, research projects are used as the basis for reporting expendi- 
tures in 1950, and outstanding accomplishments. 
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feed, and industrial products that will afford a profitable outlet for 
seasonal surpluses and for the considerable proportion of the crop 
that fails to meet fresh market grade standards. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL-2-(4)—S-1—sweetpotato starch investigations 


RRL-2-(4)—S-1-2—Development of a simplified process for the 
extraction and refining of sweetpotato starch. To simplify and 
shorten the process for manufacture of high-quality sweetpotato 
starch, to reduce the amount or cost of equipment necessary, and to 
reduce the labor requirement, thereby making possible a compact and 
efficient plant with lower costs for erection, operation, and overhead. 


Research project RRL-@-(4)-S-2—sweetpotato products and by- 

products other than starch 

RRL-2-(4)—S-2-1—Recovery and utilization of byproduct protein 

from sweetpot: ito processing wastes. To develop processes for re- 
covery and utilization of protein now wasted in effluent waters of 
sweetpotato starch manufacture, thereby increasing the return from 
byproducts and oe ing the waste-disposal problem. 

RL-2-(4)—-S-2-2— Production of feed yeast from sugars in sweet- 
potato processing wastes. To develop processes for production of feed 
yeast from the sugars now wasted in effluent waters of sweetpotato 
starch manufacture, thereby increasing the return from byproducts 
and simplifying the waste-disposal problem. 


Research project RRL-2-(4)-E-4—Sweetpotato products processing 


investigations 


RRL-2- (4) -E-4-1—Pilot-plant scale investigations of size reduc- 
tion of sweetpotatoes for production of starch ‘and byproducts. To 
develop the most effective methods of grinding or milling sweetpota- 
toes in water to release starch particles from the fibrous portions of 
the roots and to relate this operation to the over-all starch process. 

RRL-2-(4)—-E-4-2—Pilot-plant scale investigations of the centrif- 
ugal purification of sweetpotato starch. To determine the most ef- 
fective equipment and conditions for purifying crude sweetpotato 
starch by use of centrifugal machines to separate the pure starch from 
suspended and soluble impurities, and to relate the operations to the 
over-all starch process. 

RRL-2- (4)—E-4-3— Integrated operation of sweetpotato-products 
pilot plant. To combine the individual operations such as grinding, 
screening, centrifugal purification, bleaching, pressing, and drying, 
into a complete pilot-plant operation for making starch and bypro- 
ducts, in order to perfect the over-all process, improve the individual 
operations, study the behavior of different sweetpotato varieties, and 
produce quantities of starch, feed pulp, and other products for fur- 
ther research and evaluation. (Feeding tests on the byproducts pulp 
are carried out in cooperation with the “Agricultural Experiment Sta- 
tion of the University of Florida.) 
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RRL-2-(4)-E-4—*— Engineering data for development of specialty 
food products from sweetpotatoes. The Alabama Agricultural Ex- 
periment Station is developing specialty food roducts, such as snacks, 
candies, brittles, breakfast foods, and flour from sweet potatoes. In 
cooper ative work under this project, methods of reducing the moisture 
content of sweetpotato puree used in preparing these “products, de- 
positing the puree on trays, and reduction of the density of the final 
products are being investigated in order to develop engineering 
data to guide translation of the processes to practical commercial 
operation. 


Research project RRL-@-(4)-E-5—Engineering services essential 
to the research program on sweetpotatoes 

RRL-2-(4)—-E-5-1—General engineering services. To provide 
general engineering services in su yport of other line projects on sweet- 
potatoes ; to design structures oa supports for equipments; to design 
and install equipment used in other lines of work; to maintain up-to- 
date information on processing equipment; to supply consulting en- 
gineering advice regarding equipment, processing, sane ‘ical and strue- 
tural codes, and other data. 


Research project RRL-2-(4)—-A-4—Analytical, physical chemical, 
and physical inve sotlsiditons of sweetpotatoes 

RRL-2-(4)-A-4-2—Analytical, physical chemical, and physical 
investigations of sweetpotatoes and their byproducts and derived 
products. To assist 1 in the research conducted under other line projects 
on sweetpotatoes by: (1) Providing analytical and physical services 
and chemical measurements; (2) improving existing and developing 
new evaluation methods; and (3) obtaining data on chemical com- 
position and physical properties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Sweetpotato utilization research in the Bureau began with investi- 
gations from 1918 to 1922 on the production of flour and sirup as 
possible outlets for surplus and subgrade sweetpotatoes. In 1929 
investigations were initiated on the development of a practical process 
for manufacture of high-quality starch. After the processes devel- 
oped were carried to small commercial scale in a factor y in Mississippi 
in 1934, continued work was directed toward progressive improve- 
ment in the manufacturing process and in the quality and uniformity 
of the starch, which soon found a re ady market. In 1938 the scope 
of work was broadened to develop processes for dehydrating sweet- 
potatoes for industrial and feed use. Beginning in 1941, when the 
present project was initiated, the program was materially expanded 
concurrently with development of a large new commercial starch 
enterprise and with curtailment of imports of root starch by war in 
the Pacific. Major emphasis continued on further development of 
the starch manufacturing process and its adaptation to improved 
large-scale equipment ; but much attention was given improved by- 
product recovery and problems of equipment and processes in de- 
hydration of sweetpotatoes for the Armed Forces. After suspension 
of commercial sweetpotato starch manufacture in 1947 because of 


*Line of work to which no symbol has been assigned. 
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agricultural problems that made the costs of growing sweetpotatoes 
too high, work was continued to complete the development of an im- 
proved and simplified starch extraction and refining process incor- 
porating effective byproduct recovery and with a minimum of waste 
for disposal. Currently, with the economics of growing sweetpotatoes 
continuing unfavorable to production of the crop for industrial use, 
efforts are being redirected toward solution of processing problems 
now limiting the outlets for surplus and subgrade sweetpotatoes 
in canned and other produets, which bring a return sufficient to c# arry 
the higher raw material costs. 


D. FUNDS—-ANNUAL EXPENDITURES 


Records of expenditures for the early work in 1918 to 1922 are not 

railable. A rough estimate would be $6,000 per year. From 1929 to 
1941, under prior projects, the annual cost ranged from approximately 
$10,000 to $29,000, with an average of about $15,000. Under the cur- 
rent project the annual expenditures ranged from $41,000 in 1941 to 
$169,000 in 1947, and averaged about $12 3,000 for the period 1941-49. 
The expenditure in 1950, amounting to $119,000, was apportioned 
among the various research projects as follows: S—1, $32,300; S—2, 
$29,500; E—4, $41,300; E—5, $5,000 ; A-4, $10,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Research project RRL 2-4 )—S-I 

The way was opened to establishment of a substantial sweetpotato 
starch industry in the South. Under earlier work projects, processes 
were developed for manufacture of high-quality starch from sweet- 
potatoes and were carried to commercial scale in a farm cooperative 
factory that operated for 11 years at Laurel, Miss. The technological 
feasibility of manufacturing and marketing sweetpotato starch was 
demonstrated. The product became a market commodity, brought 
au premium price for use in a number of industrial applications for 
which it was preferred to other starches, and opened up a demand 
much in excess of the capacity of the plant. 

Under the current project technical advice and assistance in oper- 
ating the Laurel plant were broadened and intensified. The findings 
of coordinated research in the laboratory and factory were applied 
in further improvements in processes and equipment to improve the 
economy and efficiency of the manufacturing operations and to im- 
prove the quality and uniformity of the products. 

Starch blender.—A system for uniform dry blending of starch in 

carlot quantities was designed with collaboration under research 
comma tRL-2-(4)—E-5, its installation and operation were super- 
vised, and a laboratory method was developed and applied in the 
control of proportioning and uniform mixing of components. This 
improvement reduced the expense of blending mill-run and acid- 
modified starches to the several uniform grades of predetermined paste 
viscosity (consistency) required by the trade for specific end uses. 
Costly improvised batch procedures previously used were eliminated, 
plant shut-downs were no longer necessary when starch had to be 
blended during the grinding season, and serious dust-explosion hazards 
were eliminated. 
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Improved processing of starch—Improvements were developed in 
equipment and procedures for bleaching of starch and for production 
of low-viscosity or thin-boiling starch by acid modification, including 
systems for accurate instrumental control of the operations. The 
labor requirements were reduced and the uniformity of the products 
was improved. 

Chemical control of factory operations—Improved instrumental 
control of the correct proportioning of lime water to sweetpotatoes 
in the starch extraction process was introduced in the factory, and 
control of the individual and over-all processes was facilitated by 
improvements in the rapidity and accuracy of methods for determin- 
ing starch, moisture, and other components of sweetpotatoes at the 
different stages of processing. 

Starch for specific end uses.—Production of starch of character- 
istics best suited to different end uses was aided by determination of 
the effect, on the viscosity characteristics and other properties of the 
final starch, of variable conditions in such operations as bleaching 
and drying, and by application of the findings in better control of the 
operations. ati standardized procedures were developed for 
measurement of the paste viscosity and for otherwise evaluating the 
quality and purity of the finished starch. 

Sweetpotato starch in the war effort—During World War II the 
production of the Laurel factory contributed some 4,000,000 pounds 
of high-quality starch urgently needed to supplement supplies of root 
starches curtailed by cessation of imports; and in some instances it 
facilitated the manufacture of products strategic to the war effort and 
for which sweetpotato starch was considered indispensable. 

A large-scale commercial sweetpotato starch project was under- 
taken in Florida by a private corporation, as a result of the showing 
of the Laurel starch project. With technical advice and assistance 
under this project and under a cooperative agreement, data and ex- 
perience gained from the Laurel development and from progressive 
laboratory and pilot-plant work (research project RRL-2-(4)—E-4) 
were applied in the design of a large modern plant rated at a capacity 
of 120 tons of starch a day and reported to have cost, with auxiliary 
facilities, over $7,000,000. The processes and control system as 
ore a in the Laurel factory were successfully translated to the 
new plant, and two seasons’ operations further demonstrated the 
technological soundness of these processes and the practicability of 
producing high-quality starch from sweetpotatoes as far as the manu- 
facturing side of the enterprise is concerned. That the new plant 
failed to reach its full capacity and that it, as well as the small Laurel 
factory, eventually suspended operations, were due to circumstances 
entirely independent of the factory and process. Agricultural prob- 
lems were encountered in production of sufficient volumes of sweet- 
potatoes to sustain the factories except at costs incompatible with 
profitable operations. 

A further improved and simplified process for extraction and cen- 
trifugal refining of sweetpotato starch was developed and demon- 
strated on a large pilot-plant scale. The process incorporates recent 
improvements in grinding and centrifuging equipment and is adapt- 
able to small-scale operation in compact plants of moderate cost and 
overhead and with low labor requirement. Such a plant will meet the 
needs of small community or commercial sweetpotato enterprises to 
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better advantage than do large-volume units of the type necessary 
for efficient manufacture of high-quality starch in the processes so 
far employed commercially. Pilot-plant phases of development of 
the improved process were carried out jointly with work under research 
project RRL-2—(4)—-E+4. 

Research project RRL-2-(4)-S-2 

Development of commercial process for dehydration of sweetpota- 
toes for feed—Under an earlier work project technical advice and 
assistance based on pioneering research were applied in the installation 
of the first plant to undertake dehydration of sweetpotatoes for stock 
feed on a commercial scale. These initial efforts and the interest 
that they created were directly responsible for the ensuing sa, sab 
mental and development work on the part of a number of Southern 
State experiment stations and private interests; and they led even- 
tually to the substantial development that has taken place in the pro- 
duction of dehydrated sweetpotato feed as a commercial undertaking 
or on a farm, community, or cooperative basis. 

Dehydration of sweetpotatoes for the Armed Forces during World 
War /Z.—Data and experience acquired in handling and processing 
of sweetpotatoes for starch and in investigations on dehydration of 
the crop were applied in designing and initiating operation of a farm 
cooperative plant that made a substantial contribution to the supply 
of dehydrated sweetpotatoes for the Armed Forces during World 
Warll. This plant was rated as one of the best designed and equipped 
units of its kind in the South. Improved features introduced in the 
equipment and processes were of substantial aid in this and other 
enterprises. One major contribution was a device of unique design 


for continuous peeling of the sweetpotatoes with lye. The peeler is 

practically automatic, troubleproof, and economical in operation. 

Its advantages over other equipment developed for the a sig led 
I 


to its use in other sweetpotato and white potato dehydration and 
canning plants. 

Recovery and use of byproducts improve the economy of sweet- 
potato-starch manufacture.— 

Byproduct pulp for feed—Under a prior work project a process 
was developed for recovery, by pressing and drying, of the pulp left 
after extracting the starch from sweetpotatoes. The process was 
employed in the farm cooperative starch plant in Mississippi and in 
a commercial plant in Florida. Feeding trials by a number of State 
experiment stations showed the byproduct to be a good carbohydrate 
feed, and it found a ready market. 

Feed protein—Under the current project processes and equipment 
have been developed and demonstrated on a large pilot-plant scale 
for recovery of the protein in the waste water of sweetpotato-starch 
manufacture and recombining this protein with the byproduct pulp 
to give a feed of materially increased value. The composition of 
the recovered protein has been found to indicate good nutritive value, 
and the results of calf-feeding trials by the Florida Agricultural 
gsi Soha Station give the same indication. 

/arotene concentrate—It has been found that, when tablestock 
sweetpotatoes containing carotene are processed for starch and protein 
recovery, a large proportion of the carotene is recovered along with 
the protein to yield a byproduct concentrate of both protein and 
carotene. 
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Production of feed yeast—The liquor remaining after recovery of 
the byproduct protein, and containing most of the sugar of the sweet- 
potatoes was found to be good medium for the growth of feed yeast. 
A continuous process for production and recovery of such yeast has 
been developed and carried to large pilot-plant scale. 

Any income from the foregoing byproducts improves the economy 
of sweetpotato-starch manufacture, and the waste-disposal problem 
is simplified by their separation and recovery. 

Research project RRL-2-(4)-E-4 

Pilot-plant data applied in commercial manufacture of sweetpotato 
starch.—Pilot-plant investigations under this project furnished data 
and experience, which found effective application in translation of 
the Bureau’s sweetpotato-starch manufacturing process to the 
large commercial factory in Florida, as cited under research project 
RRL-2-(4)-S-1. 

Sweetpotato starch pilot plant—A complete pilot plant for extrac- 
tion and refining of sweetpotato starch on a semicommercial scale was 
designed and assembled and has progressively been improved in 
respect to equipment and lay-out. In its present development the 
plant incorporates the latest improvements in equipment a is capable 
of sustained continuous operation with an output of over a ton of 
finished starch per 24-hour day. With commercial manufacture of 
sweetpotato starch suspended, this pilot plant affords the only facilities 
for production of sizable lots of sweetpotato starch for research or 
test purposes. 

Improved grinding of sweetpotatoes for starch extraction—A 
simple, inexpensive, saw-blade rasp has been shown to be the most 
effective of any equipment so far tested for the primary-grinding 
step, and a hammermill to be the most effective for the secondary- 
jpn step in the pilot-plant process. This combination makes 
it possible to screen out portions of sweetpotato skins between the 
grinding steps, simplifying the purification of starch, increasing plant 
capacity, saving power, and resulting in high recovery of starch for 
the over-all process. 

Purification of crude starch—A completely continuous process has 
been perfected and successfully operated in the pilot plant for purifica- 
tion of the crude starch suspension. The process employs two types 
of continuous centrifugal machines, one only recently made available, 
in an improved arrangement and offers definite advantages over the 
continuous centrifugal refining process employed in the former com- 
mercial plant in Florida. These improvements, as well as that in 
grinding reported above, have been incorporated in the improved and 
simplified process for extraction and refining of starch, cited under 
research ye ss RRL-2-—(4)-S-1. 

Control of lime-water proportioning in the pilot-plant process.— 
In the process for production of sweetpotato starch correct propor- 
tioning of additions of limewater and fresh water is essential to 
maintenance of proper alkalinity, to efficient separation of starch 
from pulp in screening, and to efficient pressing of water from the 
residual eo: The most effective point for addition of limewater 
in the pilot-plant countercurrent screening system was determined; 


improved means for measuring and proportioning of limewater and 
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fresh water were developed ; and instrumental indication and recording 
of changes in alkalinity were introduced. 

Pilot-plant recovery of byproduct protein.—Facilities were afforded 
under this project for carrying to full pilot-plant scale the process 
for recovery of feed protein from sweetpotato starch waste water, 
cited under research project RRL-2-(4)-S-2. Operation of this pilot 
plant in conjunction with the starch pilot plant has afforded quantities 
of protein-enriched byproduct pulp for evaluation in feeding trials 
conducted cooperatively by the Agricultural Experiment Station of 
the University of Florida. The results indicate good nutritional 
value for the protein. 

Work under research projects S-1, 5-2, and E-4 has been carried 
as far as justifiable as long as the economics of sweetpotato produc- 
tion continue unfavorable to industrial utilization of the crop. When 
the situation so alters as to make profitable the growing of sweet- 
potatoes specially for industrial use or the diversion to such use of 
larger volumes of subgrade tablestock, sweetpotato-starch manufac- 
ture will become economically feasible. The processes developed 
for such manufacture and for recovery of byproducts will be avail- 
able for translation to commercial scale in a renewed sweetpotato- 
starch industry, and dehydration for feed offers potential outlets for 
a greatly increased production of sweetpotatoes. 


Research project RRL-2-(4)-A-4 

(The major portion of the work of this project consisted of analyti- 
cal chemical, physical chemical, and physical evaluation and testing 
services of routine or specialized nature in support of investigations 
contributing to accomplishments reported under other line projects. ) 


Determination of starch—A precise and accurate method for the 
determination of starch in sweetpotatoes and their products and 
other high starch content commodities has been developed. It is used 
as a reference method by a number of laboratories. 

[solation of carotene.—Y ellow sweetpotatoes offer a potential source 
of carotene, or provitamin A. Three methods of isolation of carotene 
from them, which have promise of large-scale adaptation, were investi- 
gated with some success. They may be of interest should the cost of 
production and processing become favorable with respect to financia! 
return. The work was done when there was a need for carotene 
during the early portion of World War II. 

Determination of carotene.—A precise method for the determina- 
tion of carotene, especially adapted to sweetpotatoes and their prod- 
ucts, has been developed. It is suitable for routine use. 

Research project RRL-2-(4)-E-5 

Design of starch blender.—W ork under this project contributed im- 
portantly to the development of the improved starch-blending system 
cited under research project RRL-2—(4)-S-1. 

Miscellaneous engineering services.—Other engineering work under 
this project has contributed materially to the accomplishments re- 
ported elsewhere. 
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F, SOME ADDITIONAL WORK NEEDED 


Utilization of subgrade tablestock sweetpotatoes.—New or expanded 
outlets are needed for the increasingly large proportion of the com- 
mercial .sweetpotato crop, consisting of No. 2’s and sound jumbos, 
which, in addition to outright culls, is excluded from the fresh food 
market with more and more rigorous grading. These sweetpotatoes 
are graded out because of size, shape, or superficial blemishes, but in 
flesh quality most of them are as good as No. 1’s. Dehydration for 
feed affords an outlet for the outright culls; but under present condi- 
tions the better quality subgrade sweetpotatoes represent too high a 
proportion of the total crop and too high costs for production to 
permit profitable diversion of many of them to manufacture of starch 
or production of feed at the prices allowable for such use. Research 
along the following lines is needed to develop new or expanded outlets 
for these sweetpotatoes in products that bring a return sufficient to 
carry the higher raw material costs. 

Improvement in quality of canned sweetpotatoes—Sweetpotato 
canning has attained substantial proportions, and the product, now 
principally whole-packed small potatoes in sirup, is finding steadily 
increasing consumer acceptance. However, with the best of practices 
so far developed, excessive softening and other processing problems 
are frequently encountered and hamper maintenance of consistently 
high quality. Canning now absorbs many of the small No. 2’s and a 
few of the larger subgrade sweetpotatoes; but the softening problem 
handicaps making a satisfactory pack from small potatoes which 
have been stored for some time or from cut pieces of large potatoes. 
Development of a mash pack of improved flavor and color finding con- 
sumer favor would permit use of sweetpotatoes of any size or duration 
of storage. Solution of these processing problems would enable the 
canning industry to absorb most or all of the good subgrade sweet- 
potatoes with profit to the processor and the grower. These processing 
problems are associated with changes in chemical composition and 
cell structure that take place to a variable degree in curing and storage 
and in heat processing in the cannery. Research is needed to develop 
a better understanding of the processes responsible for these changes 
and to develop information to guide the canning industry in adjusting 
processing conditions so as to turn out products of consistently high 
and wider consumer acceptance. 

Develpment of new processed food products Fit sweet potatoes.— 
Work is needed to explore the possibilities of developing new and 
diverse processed food products that will open up and hold a demand 
and afford a widened outlet for sweetpotatoes. 

Special fermentation products from sweetpotatoes.—More informa- 
tion is needed than is now available on the possible use of sweet potatoes 
in special fermentations to produce products of sufficient value to carry 
the raw material costs. : 


78552—51—vol. 217 
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UrmizaTIon INVESTIGATIONS OF VEGETABLES OF THE WESTERN REGION ' 
(BAIC—RRL-3-12—Federal-State—Regular Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and improved methods for processing vegetables. 
The present work is concerned primarily with a complete program of 
study on all phases of the use of vegetables for dehy ay “ating, freezing, 
or canning, including handling of raw material, processing techniques, 
and storage stability. Particular effort is directed toward improving 
quality and lowering costs in order to achieve greater utilization, and 
toward discovering “methods for using temporary surpluses to good 
advantage. Veget: ‘ables are also being examined for constituents of 
possible value for industrial or medicinal use. More profitable and 
efficient use of vegetables is also being sought through utilization of 

residues or wastes for the production of useful foods, feeds, or by- 
products. Fundamental studies are conducted on vegetables to pro- 
vide basic information for the more rapid and effective solution of 
existing problems and to help in the introduction of new techniques. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL—3-(12)-V P-1—Chemistry, physics, and micro- 
biology “4 vegetable preservation 

RRL-3-(12)-V P-1-1—Methods for the control of micro-organisms 
in sraaaae Vv a ‘tables, including the use of antibiotics. To determine 
the conditions that affect the development of organisms responsible for 
spoilage, for food poisoning, and for food-borne infection in proc- 
essed vegetables, and to develop new or improved methods of food 
preservation by the incorporation of antibacterial substances, includ- 
ing antibiotics. 

RRL-3-—(12)—VP-1-2—Basic chemical and physical factors that 
influence the quality of processed peas. ‘To devise objective tests for 
flavor and color in frozen peas, based upon studies of their chemical] 
composition fh aol properties. 

RRL-3-(12)-V P-1-3—Retention of quality during dehydration of 
white aaa. To determine conditions under which potatoes can 
be dehydrated with minimum loss of quality. 

Research project RRL-3-(12)-V P-2—P reservation of vegetable prod- 
ucts for food 

RRL-3-—(12)—VP-2-1—The freezing preservation of green peas 
To soca new or improved methods for processing, storage, and 
handling frozen peas in order to increase their edibility and nutritive 

value and to lower the cost of the product. 

RRL-3-—(12)-VP-2-2—The dehydrofreezing of peas, sweet corn, 
and carrots. To investigate procedures for partial dehydr: ation of 


1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department 
Likewise, under secs. D and E, research projects are used as the basis for reporting expendi 
tures in 1950 and outstanding accomplishments. 
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corn, peas, and carrots, followed by freezing and low-temperature 
storage. 

RRL-3-(12) —-V P-2-3—Dehydration of carrots. To improve the 
quality and shelf life of dehydrated carrots; particularly to investigate 
the efficacy of starch coating as a method of preserving the carotene 
content during storage. 

RRL-3-—(12)—-V P-2-4—The freezing preservation of sweet corn. To 
devise new or improved methods of processing, storage, and handling 
of frozen sweet corn in order to increase its edibility and nutritive 

value and to lower the cost of the pr oduct. 

RRL-3-(12)-VP-2-5 rvation of string beans. 
To devise new or improved niethivds of proc essing, storage, and han- 
dling of frozen string beans in order to increase their edibility and 
nutritive value and to lower the cost of the product. 

RRL-3—(12)-VP-2-6—The freezing preservation of lima beans. 
To devise new or improved methods of processing, storage, and han- 
dling of frozen lima beans in order to increase their edibility and 
nutritive value and to lower the cost of the product. 

RRL-3-(12) -VP-2-i—The freezing preservation of winter vege- 
tables. To devise new or improved methods of processing, storage, 
and handling of frozen broccoli, cauliflower, and Brussels sprouts in 


order to increase their edibility and nutritive value and to lower the 
cost of the product. 


Research project RRL-3—(12)-V P-3—Quality evaluation of processed 
vegetables (partly a service project) 


RRL-3-(12)-VP-3-1—Development and application of methods 
of food appraisal to processed vegetables. To develop and apply taste- 
test methods to the measurement of changes in flavor, texture, and 
color during handling prior to freezing, canning, and dehydration of 
vegetables and during processing and stor age of processed vegetables. 


Research project RRL-3-(12)-B-2—Industrial utilization of vege- 
tables or their processing residues through biological conversions 
RRL-3-(12)-—B-2-1— Investigation of the antibiotic, subtilin. To 
develop uses for subtilin and to encourage its industrial production by 
a microbiological process, thus increasing the consumption of sugar in 
purified form, or as cane or beet molasses, or as molasses derived from 
vegetable wastes. 

RRL-3-(12)—B-2-3—Industrial utilization of vegetables and their 
processing residues by fermentations. To develop fermentation 
processes that produce vitamins, food flavors, or antibiotics, using 
vegetable molasses as the raw material. 

RRL-3-—(12)-B-2-4—Production of vitamin B,, and related factors 
from vegetable wastes. To produce vitamin B,, in crude form for 
use in animal feeding by growing a suitable micro-organism on beet, 

cane, or citrus molasses or other sugar-rich vegetable wastes. 
ltesearch project RRL-3-( 12 }-B-3—Miscellaneous byproduct recov- 
ery and utilization 

RRL-3-—(12)—-B-3-2—A study of the noncarbohydrate constituents 
of hops. To isolate the naturally occurring antibacterial substances 
of hops and to determine whether they have medicinal value, in the 


expectation that a portion of the surplus hop crop could be used in this 
manner. 
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Research project RRL-3-(12)—PA-4—Chemical analysis of vegetables 
and products derived therefrom (service project) 
RRL-3-—(12)—-PA-4-1—Determination of the chemical composition 
of vegetables and derived products and the development or adaptation 
of methods of analysis. To determine the composition of vegetables 
and the wastes and products derived from them and to develop new 
analytical chemical methods and techniques where required. 
RRL-3-(12)-PA-4-2—The analysis of vegetables and derived 
products. To make analyses for sugar, protein, oil, fiber, ash, mois- 
ture, amino nitrogen, sulfur dioxide, « carbon, hydrogen, calcium, mag- 
nesium, iron, sodium, potassium, phosphorus, and other constituents. 


Research project RRL-3-(12)—PA-5—Physical methods of testing 
and analyzing vegetables and products derived therefrom (service 
project) 

RRL-3-—(12)—PA-5-2—Chemical-microscopic investigation of veg- 
etables and derived products. To determine the optical properties 
of materials derived from vegetables in order to assist in identification 
of unknown substances; to determine the course of chemical reactions 
that occur when vegetables are processed. 

RRL-3-(12)-P \-5-3—Spectrographic determination in vegetables 
of important trace elements. To determine the presence and amounts 
of important trace elements such as calcium, magnesium, manganese, 
and cobalt in vegetables and to determine the correlation between the 
presence or absence of certain trace elements and the quality of fresh 
and processed vegetables. 

RRL-3-—(12)-—PA-—5-5—Color as a criterion for evaluating the qual- 
ity of vegetables. To establish reliable methods for measuring the 
color of vegetables and to determine to what extent surface color can 
be used to indicate quality. 


Research project RRL-3-(12)-PA-G—Physical-chemical investiga- 
tions of vegetable products and constituents 


RRL-3-(12)—PA-6-1—Spectrophotometric studies of vegetable 
products and constituents. To develop and apply spectrophotometric 
methods for the analysis, identification, and characterization of im- 
portant vegetable constituents, such as those of interest because of 
their medicinal, nutritional, or flavor properties. 


Research project RRL-3-(12)-ED-6—Engineering and economic in- 
vestigations in the industrial processing of vegetables for food 
(partially a service project) 

RRL-3-(12)-ED-6-2—Design and development of improved equip- 
ment for carrying out the preprocessing steps in the freezing or de- 
hydration of vegetables. To devise better, more efficient equipment 
for use in preparing vegetables for freezing or drying. 

RRL-3-(12) -ED-6- 3—Design and development of equipment suit- 
able for the continuous final drying of partially dehydrated vegetables 
to a low moisture content. To develop equipment which will ofliciently 
and on a continuous basis complete the drying of partially dehydrated 

vegetables to low moisture contents. 

RRL-3-(12)-ED- 6-4—Development of typical lay-outs and im- 
proved equipment designs for vegetable-products freezing plants. To 
develop improved designs for vegetable-freezing equipment and effec- 
tive freezing plant lay-outs. 
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RRL-3-(12)—ED-6-11—Engineering investigations of spray dry- 
ing. To determine the engineering facts required for rational design 
and operation of spray driers. 

RRL-3- (12) -ED-6—12—Investigation of drying rates of vegetables 
in piece form. Toestablish quantitative drying rates for vegetables in 
piece form and to devise procedures for using the data in ‘the deter- 
mination of optimum drying conditions and in the design of driers 
which will realize these conditions. 

RRL-3-(12)-ED-6-13—Engineering investigations in the prepro- 
cessing of vegetables in the fluid form in preparation for drying or 
freezing. ‘To improve the effectiveness and reduce the cost of the 
preprocessing operations required to prepare vegetables in fluid form 
for drying or freezing. 

RRL-3—(12)-ED-6-14—Engineering investigations in the pre- 
processing of vegetables in piece form in preparation for drying or 
freezing. ‘To improve the effectiveness and reduce the cost of the pre- 
processing operations required to prepare vegetables in piece form for 
drying or freezing. 

RRL-3-(12)—ED-6-15—Investigation of cooling and freezing 

rates of vegetable products with refrigerated air as the heat-exc hang- 
ing medium, To ascertain cooling and freezing rates for veget table 
produets, using refrigerated air as the heat- exchanging medium, and 
lo organize these data into such forms as will be useful in the predic- 
tion of conditions required for desired rates of cooling and freezing, 
the analysis of freezer performance, and the design of freezers for 
efficient production of high-quality products. 

RRL-3- (12—ED-6-17—Industrial evaluation of processes and 
products derived from developments in the processing of vegetables 
in piece form for food (service project). To determine pr obable costs 
of processing vegetables by methods under investigation and to eval- 
uate the relative position of these methods in order to orient research 
in vegetable processing. 

RRL-3-(12)-—ED-6-18—Cooling and freezing rates of packaged 
vegetable products in refrigerated liquids. ‘To obtain basic data on 
the cooling and freezing rates of packaged vegetable products in re- 
frigerated liquids for use in the design and operation of freezers and 
in the analysis of freezer per formance. 

RRL-3-(12)—ED-6-21—Design and development of equipment for 
the bulk freezing of vegetables in package shapes. To devise equip- 
ment for the bulk freezing of vegetables in package shapes as a means 
of simplifying the packaging operation and therefore reducing the 
cost of packaging frozen vegetables. 

RRL-3-(12) “ED_ 6-22—Industrial evaluation of processes and 
products derived from the processing of vegetables for food in other 
than piece form (service project). “To determine probable costs of 
processing vegetables into fluid or comminuted forms by methods 
under investigation and to evaluate the relative position of these meth- 
ods and products in order to orient research in vegetable processing. 


Research project RRL-3-(12)-E D-7—Engineering and economic in- 
vestigations in the recovery of byproducts from the industrial 
processing of vegetables (partly a service project) 

RRL-3—(12)-ED-7-6—Studies on the supply and distribution of 
vegetable-processing wastes in the western region. To develop a quan- 
titative picture of the available vegetable-processing wastes in sufli- 
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cient detail to permit appraisal of proposed processes for byproduct 
utilization. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Bureau has had a broad program of research on the process- 
ing and industrial utilization of vegetables for approximately 20 years. 
Results of this work played an important role in the development 
of the frozen-vegetable industry. Research in the field has continued 
with the objective of improving processes and lowering costs. During 
the Second World War a great deal of research was done in the field 
of vegetable dehydration. Since then particular attention has been 
again focused on the problems of the continually expanding frozen- 
food industry. 

Entirely new methods of processing vegetables, such as with the 
use of antibiotics, are nen receiving intensiv e investigation. At 
the same time, parallel lines of work have continued with emphasis 
on finding uses for vegetable wastes and culls. Possible utilization 
by fermentation or in animal feeds has been studied. All of these 
investigations have been comprehensive and have included much fun- 
damental work on physical and chemical properties, constituents, 
processing techniques and equipment, and methodology. 


D. FUNDS—ANNUAL EXPENDITURES 


Considerable work on vegetable utilization was done in various 
sureau laboratories prior to the establishment of the regional research 
laboratories in 1940. Since that time annual expenditures on this 


project have averaged approximately $331,000 for the 10-year (fiscal) 
period 1941-50, inclusive. The expenditure in 1950 was $435,000, 
which was apportioned among the various research projects as fol- 
lows: VP-1, $80,000; VP-2, $85,000; VP-3, $21,000; B-2, $57,000; 
B-3, $10,000; PA-4, $27,000; PA-5, $24,000; PA-6, $29,000; ED-6, 


+ 


$81,000; ED-7, $10,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Research project RRL-3—(12)-V P-1 

Introduction of frozen foods into Army use—The decision to use 
frozen foods in Army feeding in the continental United States was 
made on the strength of laboratory tests by the Department. The 
tests proved that frozen vegetables remain usable in cool storage for 
several days, especially when packages are kept in unbroken cases. 
The rise in temperature and deterioration of the vegetables is low 
at 40° F., and refrigerators need to be stocked only twice a week. 
Army authorities bought 71,000,000 pounds of frozen vegetables in 
1943 alone. These products freed an equivalent amount of canned or 
dried food for shipment overseas. 

Prevention of “delay off flavor” in frozen peas—It was demon- 
strated that a characteristic off flavor, commonly found in commer- 
cial frozen peas, develops during the period after vining (shelling) 
in the field and before processing. A very few processors now operate 
viners adjacent to their plants, but by 1951 it is expected that over 
10 percent of the commercial frozen peas will be produced under such 
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conditions and will be of greatly improved flavor. The development 
is a direct outcome of this project. 

The use of hermetically sealed containers for frozen vegetables.— 
Sealed containers (for example, cans) were avoided for many years 
by the frozen-vegetable industry because of a supposed danger from 
the food-poisoning organism, Clostridium botulinum. E xtensive ex- 
periments have shown this fear to be unfounded: even when botu- 
linum spores were present, no toxicity developed when the products 
were permitted to spoil. Asa result of this work, hermetic: ally sealed 
containers are now being used by the industry. This makes it possible 
to package many veget tables mec hanically and to freeze the product 
by immersion in a refri igerated liquid. 

Effect of storage temperature on quality of frozen peas.—The rate 
of deterioration of frozen peas during storage depends upon the tem- 
perature of storage. Careful work with frozen peas has shown that 
deterioration occurs appreciably faster at 10° F. than at 0° F., but 
that the difference between 0° F. and —10° F. is not marked. Be- 

‘ause the costs of refrigeration rise sharply as temperatures are low- 
ered, determination of the maximum suitable temperature for storing 
frozen vegetables is of great economic importance to warehousemen 
and transportation companies. 

Defrosting indicator—F¥rozen foods may deteriorate if they are 
allowed to defrost and are then refrozen. This occurs on occasion 
when there is failure, either in transportation or in the sales cabinet, 
to keep the packages well cooled. A need had been expressed by han- 
dlers of frozen foods for an indicator that would show whetlier de- 
frosting has occurred. A suitable device has recently been developed 
and made available to the industry. 

Bacteriological survey—Over a period of years, many hundreds 
of samples of frozen vegetables were collected from the output of 
processors. These were subjec ted to microbiological examination and 
the results were reported to the processors. T hese results have helped 
to guide the industry in improving plant-sanitation practice. 

Method for counting botulinaen:: spores.—The most dangerous food- 
contaminating organism is Clostridium botulinum. Previous meth- 
ods for determining how many spores of the organism are present 
in foods have been inadequate. A new method makes possible the 
accurate counting of botulinum spores in 1 or 2 days instead of the 
weeks to months previously required. The availability of this method 
will be of importance in evaluating the safety of new vegetable-process- 
ing techniques. 

Discoloration in potatoes during dehydration—Darkening of pota- 
toes during dehydration is a common phenomenon. In some cases 
browning predominates, i in others the potatoes become gray. Care- 
ful studies have revealed that two different reactions are involved, 
and that graying results from excessive temperatures during the first 
stages of drying, while browning occurs during the later stages. These 
findings make it possible to know which step in the process is causing 
difficulty at a given plant and to modify the process to correct the 
trouble. 

Storage studied on dehydrated vegetables —A comprehensive series 
of storage studies was undertaken with the principal kinds of dehy- 
drated vegetables. These studies established conditions of processing 
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and packaging that most effectively delay the loss of certain vitamins 
and the development of brown discoloration and off-flavor during 
storage. Because of its broad and definite nature, this work is help- 
ing the Military Establishment to specify and procure dehydrated 
vegetables of superior quality and stability. 

Research project RRL-3-(12)-V P-2 

Development of Northwest frozen-vegetable industry.—The Depart- 
ment was in large measure responsible for the rapid growth and de- 
velopment of the frozen- vegetable industry in the Northwest. It 
supplied detailed information with regard to varieties of vegetables 
most suited for freezing and best methods for processing the vegeta- 
bles. Surveys of microbiological contamination in plants were con- 
ducted, and processors were instructed on sanitation methods. In 
cooperation with other Government agencies, standards and grades 
were developed. 

“In-package desiccation” for dehydrated vegetables—The residual 
moisture in ordinary dehydrated vegetables makes them highly sus- 
ceptible to browning when stored at the temperatures encountered 
by the Armed Forces in tropical and subtropical areas. Removal of 
this moisture by means of a drying agent packed with the vegetables 
was shown to increase their storage life threefold to fivefold. This 
method of “in-package desiccation,” developed by the Bureau toward 
the end of World War II, was written into a specification by the Army. 
It has since been used for establishing and maintaining low-moisture 
content in hard candies, cereals, bakery goods, potato chips, vitamin 
preparations, and pharmaceuticals. 

Dehydrofrozen peas.—It was shown that peas can be partially de- 


hydr ated and then frozen, and that the culinary quality of this produc t 
is comparable to that of fresh "yea or of conventional frozen peas 


The processing cost of dehydrofreezing is somewhat higher than of 
freezing alone, but the saving in transportation and storage costs, due 
to a 50-percent reduction in weight and volume, should result in a 
lower price to the consumer. This method appears to have broad 
applicability in vegetable processing. 

Froth. flotation to clean corn and remove corn borer—The corn 
borer is becoming a serious pest generally throughout the country. 
When cut corn is ‘to be processed by canning or freezing, much effort 
is required to remove corn borers by hand as the material passes over 
an inspection belt. A machine which had been developed to separate 
weed seeds from peas was adapted to use with corn. In the machine 
the fragments of borers, chaff, and other undesirable contaminants 
are floated off in a froth produced by introducing air into the machine 
and agitating. The clean corn kernels sink and are continuously 
removed for further processing. ‘This process is being used com- 
mercially. 

Tenderizing of pea skins—Green peas, otherwise of excellent 
quality, often have tough skins. In most cases this is due to 
the presence of excessive amounts of calcium, which may come from 
high-calcium soil where the peas were crown or from hard water 
used in processing. A method was developed for tenderizing such 
peas by immersing them in a solution of a softening agent that removes 
part of the calcium from the skins. This method is applicable to 
certain other vegetables, 
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tables with steam or hot water before are frozen, in order to de- 
stroy the substances that would otherwise cause deterioration during 
subsequent storage. Overblanching results in loss of quality due to 
leaching of soluble flavors, vitamins, and other constituents. Time- 
temperature schedules have been worked out for many vegetables as an 
aid to commercial processors. 

Catalase test.—The amount of the enzyme, catalase, present in proc- 
essed vegetables has been widely used as a criterion for adequacy of 
blanch. Previous methods of determining catalase were unreliable. 
A more accurate and more sensitive method has been developed for use 
as a guide in processing research. 

Blanching of brussels sprouts—Frozen brussels sprouts,.an im- 
portant winter vegetable, occasionally develop undesirable pink cen- 
ters. Research demonstrated that this was due to underblanching, 
and that underblanched sprouts deteriorate rapidly during frozen 
storage. The presence of pink centers can be used as a sensitive test 
for underblanching. 

Dehydrated White Rose potatoes—Large quantities of potatoes 
dehydrated ae World War II were prepared from the White Rose 
variety. It was demonstrated that the excessive browning in these 
potatoes stored at 40° F. was due to reducing sugar rather than to 
total sugar. It was found that the content of reducing sugar could 
be decreased by storage at 70° to 75° F. for a few days prior to de- 
hydration. This made possible a marked improvement in the quality 
of dehydrated White Rose potatoes. 

Method of sulfiting dehydrated vegetables —During World War II 
the Army Quartermaster Corps specifications were modified to re- 
quire sulfiting of the more important dehydrated vegetables, for it was 
known that addition of sulfite effectively retards browning during de- 
hydration and storage. Little was known, however, as to proper meth- 
ods of sulfiting. A thorough study was made of this problem, and 
definite recommendations were made as to the choice of sulfite salts, 
their concentrations, and the method of application. This informa- 
tion materially contributed to the improved quality of dehydrated 
vegetables toward the end of the war. 

lanching vegetables for dehydration.—Heat blanching (scalding) 
of prepared raw materials was found to be necessary to obtain products 
with reasonable storage life. Proper times and temperatures for 
blanching various vegetables were established on the basis of reten- 
tion of product quality in storage. This information was dissemi- 
nated to the industry and was used as a guide by processors. 

Tests for adequacy of blanch.—Methods for determining whether 
vegetables had been adequately blanched were necessary for plant use 
and for writing standards and specifications. Satisfactory proce- 
dures for determining peroxidase were developed and were adopted 
widely by industry. Present Army specifications for several dehy- 
drated products include tests developed by the Department. 

Starch-coating of dehydrated carrots —Commercial dehydration of 
carrots continued after World War II, the product being used as a 
source of color in dried soup mixes. Loss of color and flavor during 
storage of the dehydrated carrot was a serious problem. Evaluation 
of the procedure of spraying blanched carrot dice with dilute starch 


Blanching techniques.—It is —— to scald (blanch) most vege- 
they 
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solution, followed by drying, showed that considerable enhancement 
of stability was thereby achieved. The process was adopted by the 
two largest commercial operators in 1949 and is being considered for 
inclusion in United States Quartermaster specifications for dried 
carrots, 

Gas-packing of dehydrated vegetables —Part of the changes that 
make dehydrated vegetables progressively poorer in quality. during 
storage are due to reactions with oxygen in the air. If the air in the 
package is replaced with nitrogen, deterioration is retarded. Conclu- 
sive demonstration of this fact was of importance in the introduction 
of gas-packing to improve the quality of dehydrated vegetables. The 
Army now requires gas-packing for some of its purchases. 
Research project RRL-3-(12)-VP-3 

Most of the work done under this project has been of a service na- 
ture in connection with projects RRL-3—(12)—VP-1 and 2, and has 
contributed materially to the accomplishments listed thereunder. In 
addition, the following contributions to methodology have been made: 

Improved methods of food appraisal—Many advances have been 
made by the Bureau in the techniques of appraising processed vege- 
tubles by means of panels of tasters. Since appraisal by taste panels 
is the basic way of evaluating quality in food products, these contribu- 
tions to methodology are important both to food research and to the 
food industry. A review of appraisal techniques was published and is 
the definitive work in this field. 

Taste evaluation of sulfite in foods.—Sulfite is used as a preserva- 
tive in many dehydrated foods. The amount that can be used is lim- 


ited by the undesirable flavor imparted. It was demonstrated that 
the first taste of sulfite dulls the taster’s perception for subsequent 
tastes. Previously unrecognized, this fact undoubtedly led to errone- 
ous results in much taste testing in the past. Modified testing pro- 
cedures will eliminate such errors. 


Research project RRL-3-(12)-B-2 


Discovery of subtilin, iciinatibd the early years of World War II 
when the search for antibiotics was intense, evidence was found for the 
presence of an agent produced by the bacterium Bacillus subtilis, 
which was active against a variety of disease-causing organisms. The 
antibiotic was isolated, its activity against many pathogens was 
studied, and active derivatives were ‘prepared. The usefulness in the 
field of medicine of this antibotic, which has been named subtilin, is 
being explored. The discovery that subtilin may be used in sterilizing 
foods with a mild heat treatment, leading to the possible production 
of canned food products of enhanced quality, might be of great value 
to the food industry. 

Zinc is essential to growth of Bacillus subtilis —Nutritional studies 
of the subtilin-producing strain of Bacillus subtilis showed, for the 
first time for a bacterium, that zinc is an essential nutrient. Quantita- 
tive requirements for this and other elements were determined, and a 
complete medium was formulated. This accomplishment was impor- 
tant in developing a medium for the growth of B. subtilis on a scale 
sufficient to provide subtilin for clinical studies. 

Tyrothricin yields increased.—Strain selection and study of nutri- 
tional variables led to an approximately eightfold increase in the yields 
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of the antibiotic, tyrothricin, produced by Bacillus brevis. The com- 
mercial production of tyrothricin has shown a steady increase. It is 
used primarily for topical application and for infections in the mouth 
and throat. 

Gramicidin, the active constituent of tyrothricin, cannot be used 
parenterally because of toxicity ; hence modified gramicidins were pre- 
pared that showed improved solubility properties and lessened toxicity. 

Vitamin B,..—Vegetable wastes can be used in media for growing 
industrially important micro-organisms. A new micro-organism, 
capable of producing large amounts of vitamin B,,, was isolated and 
its nutritional requirements were studied. It was found that beet, 
cane, or other molasses, or sugar, could be used as a source of carbohy- 
drate. One company is actively engaged in developing the process 
on a commercial scale. The potential annual market for vitamin B,, 
has been valued at $30,000,000. 

Microbiological assay methods developed.—Methods have been de- 
veloped for the analytical determination of the vitamin, para-amino- 
benzoic acid; the amino acid, glutamic acid; and the antibiotic, sub- 
tilin. All of these methods depend on stimulation or inhibition of 
growth of a sensitive bacterium and are now available for use in phar- 
maceutical and university laboratories. 

Laboratory-scale fermentors.—Laboratory-scale fermentors have 
been designed with improved provision for aeration, agitation, and 
foam control for research in industrial microbiology. With these fer- 
mentors it proved possible to obtain a higher density of yeast cultures 
than had been obtainable previously. An automatic foam-controlling 
device was included that permitted operation for extended periods 
without continuous attention. The need for such equipment is appar- 
ent from the fact that one of the models developed under this project 
has been made available commercially by a scientific-instrument com- 
pany. 

Two new amino acids found in subtilin—Amino acids are the build- 
ing blocks of protein, important constituents of animal tissues. Two 
amino acids, meso-lanthionine and a related compound whose struc- 
ture is still not completely determined, have been isolated from the 
antibiotic, subtilin. Meso-lanthionine, although previously described, 
had never been observed to occur in nature. Such findings are likely 
to aid in the elucidation of the method by which subtilin acts to destroy 
pathogenic organisms. 

Research project RRL-3-(12)-B-3 

New flavoring agents from hops.—In the course of work on the 
chemical structure of modified hop resins, five chemical compounds 
were discovered. These have greater solubility and stability than 
the original constituents of a. resin and possess the marked flavor of 
hops. They may have use as flavoring agents in foods and beverages. 

Antibiotics from hops.—Practical methods were developed for iso- 
lating the naturally occurring antibiotic, lupulon, from hops. It was 
found that lupulon has limited usefulness for parenteral treatment, 
since its activity for inhibiting micro-organisms is lost in the presence 
of blood serum. It is also unstable to air oxidation. A stable deriva- 
tive, hexahydrolupulon, has been prepared that may have value for 
topical application or in food preservation. 
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Research project RRL-3-(12)—PA-4 

This is essentially a service project. Several developments may 
be mentioned as examples of material contributions to accomplish- 
ments reported elsewhere: 

Analytical methods—(1) A modified procedure for the analysis of 
vegetables for sugar permitted the saving of much time in multiple 
analyses. (2) A rapid, accurate niethort for the determination of 
sugars in potatoes was developed. Sugars in potatoes are important, 
inasmuch as they are responsible in part for discoloration during de- 
hydration and storage. (3) Previously known methods for the deter- 
mination of moisture in starch were inaccurate and lengthy. A new 
chemical method was devised to overcome these difficulties. (4) Meth- 
ods for the determination of sulfur dioxide were not satisfactory. 
New procedures were developed that were easier to use, more accurate, 
andmorerapid. (5) A ieee for the determination of ascorbic acid 
was modified for successful use in fresh, frozen, and dehydrated foods. 

Corn maturity test—A quick test of sweet corn maturity, one of the 
criteria of quality, has been developed that aids in selecting proper 
harvesttime and in segregating harvested corn into lots of like matur- 
ity for processing. The test is inexpensive and simple and is based on 
the loss of weight resulting from the reaction of calcium carbide with 
the water in the corn. 

Research project RRL-3-(12)-—PA-6 

This is largely a service project, and the work has contributed to 
accomplishments reported elsewhere in this report. However, two 
important investigations are described below. 

A new, rapid method for analyzing hop resins.—A newly developed 
method for analysis of humulon and lupulon based on their absorp- 
tion of ultraviolet light should be valuable to the hop industry. It 
will provide a control method for the breeding of hops, for their 
marketing, and for the quality of hop-containing beverages. The 
entire hop crop for any one year, valued at $27,000,000 in 1949, is 
stored for use the following year. The new analytical method will 
allow study of conditions for storage for retention of the maximum 
amount of the flavor constituents. An appreciable saving in hop 
quality should be possible. 

Methods for evaluating surface color of vegetables.—Color is one of 
the most evident characteristics of food products and is recognized as 
an important quality factor. Practical methods of color evaluation 
and grading are needed for industrial quality appraisal and control. 
Work in this Bureau has resulted in (1) the development of objective 
methods of measuring changes in color of various vegetable products 
such as frozen peas and corn, dehydrated carrots, and sweetpotatoes, 
and the application of these methods in evaluating processing pro- 
cedures and storage practices; (2) the collection of fundamental data 
on physical properties related to natural and induced color variations 
in vegetables; and (3) the application of this information in the 
design of simplified instruments for color sorting and grading of raw 
and processed products. 


Research project RRLI-3-(12)-PA-6 


This is largely a service project, and the work has contributed to 
accomplishments reported elsewhere. However, three important 
investigations are described below. 
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Moisture equilibria in dehydrated vegetables.—The relative humid- 
ity of air in equilibrium with various dehydrated vegetables was deter- 
mined for different moisture contents of the vegetables at several 
temperatures. These data were urgently needed during World War 
II and formed a basis for the design of more effective dehydrators for 
the production of dehydrated vegetables. 

Determination of the moisture content of dehydrated vegetables.— 
An acute need arose during World War II for reliable methods for 
determining the moisture content of dehydrated vegetables for use 
in process control and military acceptance standards. Conditions 
necessary to obtain reproducible and accurate results by vacuum-oven 
drying of various vegetables were established. A more rapid method 
based on the measurement of the humidity of air in contact with the 
= also was developed. Both of these methods were widely 
used. 

Determination of browning in dehydrated vegetables—The most 
important deteriorative change that occurs in dehydrated vegetables 
during storage under unfavorable conditions, as in military operations 
in tropical areas, is the development of a brown discoloration. This 
is accompanied by a scorched flavor and impaired texture. A simple, 
rapid, objective method of measuring browning, based upon the 
measurement of color in an aqueous extract, was developed. For most 
purposes this test can replace appraisal of these factors by human 
judges. 

Research project RRL-3-(12)-ED-6 

Dehydration in World War II.—Research on the dehydration of 
vegetables was undertaken largely as a matter of national prepared- 
ness and was continued in support of the war effort and subsequently. 
It was recognized that steps must be taken to supply commercial 
operators with sound information regarding proper processing 
methods. The research developed extensive new information on raw 
material characteristics and processing methods necessary for produc- 
tion of high-quality products with satisfactory storage life. 

Two dehydration training schools were conducted for the benefit of 
personnel from commercial plants, and a dehydration conference was 
held for the personnel of the State agricultural experiment stations. 
Information obtained in the dehydration work was widely dissemi- 
nated through publications and circulars of various types. In 1944, 
the Department issued a 218-page manual for the guidance of 
industry. The value to industry and agriculture of the dehydration 
research carried on by the Bureau during the war years has been con- 
servatively estimated at over $30,000,000. The cost of this contribu- 
tion, including two special appropriations, amounted to $1,350,000. 

Fundamental engineering studies on dehydration—Important 
basic studies were made on the diffusion of moisture through vege- 
table materials of low moisture content. A fundamental theory was 
established ; experimental measurements were made to obtain informa- 
tion necessary for evaluating the theory. An understanding of 
moisture movement in nearly dry vegetables is essential in order to 
effect adequate drying with minimum product damage. Extensive 
drying-rate studies yielded data that provided a rational basis for the 
design and operation of dehydrators and for the analysis of 
dehydrator performance. The effects of the principal variables 
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affecting drying time were established on a quantitative basis, and 
this information was made available to commercial operators in the 
form of readily usable charts. These studies laid the basis for engineer- 
ing calculations to check drier performance and to indicate the most 
economical methods of drier operation and the probable effects of 
changes in drier design. 

Preparation of desig gns for commercial dehydrators.—Using basic 
engineering design principles and data developed as the result of other 
work done under this research project, dehydrators of commercial size 
were designed for the wartime vegetable dehydration industry. Six- 
teen dehy drators of various types, sizes, and capacities were designed. 
The many engineering drawings involved were widely distributed. 
within the vegetable- dehydration field and contributed to the rapid 
growth of the industry during the war emergency. 

Cost studies on ve getable dehydration.—Studies were made of the 
probable costs involved in dehydrating vegetables; plant, labor, util- 
ity, and sewage-disposal requirements were determined; various pub- 
lications on dehy dration costs were issued; and numerous meetings 
and conferences were held with parties interested in dehydrating vege- 
tables. The results of these studies were widely disseminated and as- 
sisted materially in the rapid expansion of the vegetable-dehyration 
industry during the war on a sound economic basis. 

Compression of dehydrated vegetables.—Procedures were developed 
for pressing dehydrated beets, cabbage, carrots, onions, potatoes, ruta- 
bagas, and sweetpotatoes into blocks to save shipping space during 
the war years. ‘The processes accomplished from 50 to 80 percent 
reduction in bulk without significant impairment of the quality of 
the products. The results of this work were incorporated into a 
manual and published. The procedures given in the manual are avail- 
able for immediate commercial application in the event of another war 
emergency. 

Improv ed blanching equipment.—An improved steam blancher was 
designed, and information regarding its proper operation was made 
available to the dehydration industry. The resulting improvement 
in blancher operation brought about a decrease in the quantity of 
dehydrated vegetables rejected by the Army because of improper 
blanching. 

Engineering studies on immersion freezing —Engineering design 
and operating data have been obtained for the freezing of vegetab es 
in cans by immersion in cold brine. This method of freezing i is po- 
tentially important. also as a method for freezing vegetable juice con- 
centrates and promises to reducing freezing- plant size and investment 
over that required for air-blast freezing. The basic engineering data 
developed in these studies will provide : a rational basis for the design 
of commercial immersion freezing equipment. 

Improved operation of air- blast freezers—Most commercial freez- 
ing of foods is at present carried out in air-blast freezers. At the 
time that this project was started, design and operation of such freez- 
ers had not been established on a sound engineering basis. Instru- 
ments and methods have been developed for analyzing the perform- 
ance of commercial air-blast freezers. Information obtained from 
such analysis may be applied to effect improvements in their design, 
operation, and efficiency. Tests carried out on commercial freezers 
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indicate that some plants can more than double their freezing capacity 
simply by equalizing air-velocity distribution in the freezing tunnels. 
Prior to the development of the new test methods, no good method had 
been available for determining velocity distribution in freezing tun- 
nels. The methods are simple enough so that they can be used by 
plant operators without expert supervision, once the basic equipment 
has been set up. 

Research project RRL-3-(12)-ED-7 

Most of the work under this project is of a service nature. It has 
contributed materially to other accomplishments listed under “Vege- 

tables.” 

Microbiological culture medium from asparagus waste.—A process 
was worked out and demonstrated on a semiplant scale for the produc- 
tion from asparagus butts of a high-quality base for microbiological 
culture media. Plant procedures and costs have been well enough 
established that commercial application of the method appears to be 
feasible in competition with other raw materials. Considerable in- 
terest has been shown in the product by several large users of such 
media. Willingness of commercial producers to guarantee a supply 
of asparagus juice concentrate of standard quality would probably 
insure a market for the product. 


F. SOME ADDITIONAL WORK NEEDED 


Problems with frozen vegetables —The frozen vegetable industry 
is faced with many processing problems, of which the following are 
examples: Fishy flavor in lima beans, mottled corn-on-the-cob, off- 
flavors in peas, brown or gray discoloration in cauliflower, sloughing 
in green beans. New problems continually arise as new products are 
marketed and as modified processing proc edures are intr ae. Con- 
tinued attention to every detail of frozen vegetable processing and 
storage is required to yield answers to such problems. In addition, 
research is required to make posible the commercial freezing of new 
vegetables. 

Frozen or canned concentrated vegetable juices —The spectacular 
success of the recently developed frozen concentrated orange juice 
has aroused intense interest in the production of concentrated vege- 
table juices, principally tomato juice. Work on methods of pro- 
ducing such concentrates is urgently needed. 

Effect of freezing procedures on product quality.—Present com- 
mercial freezing procedures have been developed without full regard 
for the effect of freezing conditions on product quality. Extensive 
study of cooling and freezing rates and times and parallel determina- 
tions on product quality are needed to provide a rational basis for 
the design and operation of commercial freezers. 

Bulk freez ing of vegetables in package shapes.—One of the factors 
tending to limit the quantity of frozen vegetables sold is their rela- 
tively high price. This price differential ‘could be consider ably de- 
creased by using lower cost packages and more efficient packaging 
methods. One of the simplest ways to accomplish a lowering of pack- 
aging costs is by freezing vegetables in 12-ounce blocks and using a 
simple wax paper, with or without a foil overwrap, on these units. 
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Preliminary studies have indicated the feasibility of the idea. Re- 
search is needed on the development of unit-package freezing ma- 
chines suitable for commercial use. 

Engineering development of the immersion freezing method.—The 
use of immersion freezing of vegetables in sealed containers is a matter 
of potentially great economic significance to the freezing industry. 
Plant size for a given capacity is much smaller than for air-blast 
freezers, which comprise most of the present commercial installations, 
and operating costs are lower. In order to insure development and 
application of this method in a sound manner, the engineering studies 
that have already been made should be extended to cover freezing 
times and freezing rates for various products under different condi- 
tions of brine temperature, brine velocity, and container size. The 
data obtained in these basic studies will serve to insure proper design 
of equipment in commercial plants using brine-immersion freezing. 

Dehydrofreezing —Dehydrofreezing, whieh involves a combination 
of dehydration and freezing techniques, has been shown to be feasible 
with peas. The high cuatie combined with decreased weight and 
volume are advantages. Investigation of the practicability of apply- 
ing this procedure to other vegetables is urgently needed. 

Drying of vegetables in the low-moisture range——Drying methods 
and equipment for handling nearly dry vegetables need further study 
in order to establish ways of maintaining product quality during re- 
duction of moisture content to the extremely low levels required for 
adequate storage life under adverse conditions. 

Dehydrated vegetable powders.—There has recently been developed 
a dehydrated potato powder that can be rapidly and conveniently 
reconstituted with hot water to give an acceptable mashed potato. 
Attempts should be made to prepare similar products from such vege- 
tables as sweetpotatoes, squash, Mexican beans, and taro, which are 
often served in the mashed form. 

New dehydrated vegetables.—Several important vegetables, includ- 
ing corn, beans, peas, and tomatoes, are not dehydrated commercially, 
although such products, if of good os would be useful to the 
Armed Forces and would also find a place in civilian economy. Meth- 
ods for dehydrating such vegetables should be developed. 

New techniques in canning.—Present methods for canning vege- 
tables require such long times and high temperatures for processing 
that the original quality of many commodities is impaired. If the 
material could be processed with lower heat requirements, quality 
would be improved. Further, it would be possible to preserve some 
»sroducts, such as cauliflower and broccoli, which are not now canned 
vecause they cook to a mush with present processing schedules. Pre- 
liminary results suggest that antibacterial agents such as subtilin may 
make reduced heat schedules possible. Extensive work is required to 
explore this possibility. 

Objective methods to replace taste panel methods of appraisal.— 
There is real need for objective methods for measuring such quality 
factors in processed vegetables as color, texture, and flavor, which at 
present are usually measured by panels of human judges. Such meth- 
ods must be shown to give the same results as do taste panels. 

Methods for estimating maturity of vegetable crops.—Improved 
test methods and equipment for measuring the maturity of vegetable 
crops for canning and freezing are urgently needed in order better 
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to obtain products of optimum quality and to aid in the development 
of standards and grades. 

T oxic factors in dried beans.—In order to utilize a dried beans 
as animal feeds, it is necessary to obtain more detailed information 
about their constituents, particularly those that make them unsuitable 
unless they have been coaleuil 

High energy radiation for preserving vegetables —Preliminary re- 
ports from other laboratories on the use of high-energy radiation, 
such as X-rays and electron beams, indicate that these treatments hold 
considerable promise as a method for preserving certain types of 
vegetables. A more detailed investigation needs to be carried out, 
however, in order to evaluate the actual potentialities of these 
treatments. 

Rapid and convenient analytical methods.—There is an urgent need 
for rapid, convenient, and accurate methods for the analysis of all 
types of constituents of vegetables and vegetable products. This is 
of basic importance to all research on these commodities. Infrared, 
ultraviolet, and microwave spectroscopy and the use of radioactive 
tracers are examples of techniques that should be further developed 
for use in vegetable research. 

Vegetable wastes utilization—Investigation of possible uses of 
processing residues from vegetables should be expanded. Increasing 
population and demand for processed vegetables have emphasized the 
importance of finding methods for eon of residues without pol- 
luting streams or creating nuisances. The conversion of press liquors 
from such wastes to molasses that can be used as a fermentation 
medium for the production of alcohol, solvents, and vitamins, or in 
animal feeds, requires continued study. 

New fermentation procedures.—Fermentations for supplemental 
and emergency food supplies should be developed. In time of war, 
when transportation facilities are likely to be disrupted, availability 
of a quick reservoir of food is essential. Fermentations offer a possi- 
ble solution. Yeasts are such a good supply of protein that a fermen- 
tation capacity of 40,000 gallons would provide sufficient protein for 
a city of 100,000 people. Yeasts are bitter in flavor; consequently 
new microbiological agents capable of utilizing vegetable molasses to 
yield bland, palatable foodstuffs need to be investigated. If such can 
. produced, they might prove valuable in supplementing regular 
diets. 

Properties of pectin—Broader knowledge of the constitution of 
pectin and the nature of its functions and properties in plant materials 
is essential to control satisfactorily the consistency of purees and baby 
foods, the clarity of vegetable juices, and the firmness of processed 
vegetables. 

Development of assay methods for growth factors—Many vitamins 
have first been identified as growth factors for bacteria: examples 
are biotin, vitamin B,, and pantothenic acid. Work on other nutri- 
tional factors should be expanded to develop more rapid methods of 
assay. It is estimated that a saving of 10 years in research time was 
made on the foregoing vitamins by the development of microbial 
assay methods. The importance of this type of work in the evalua- 
tion of various vegetables as sources of vitamins is obvious. 
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Chemistry of subtilin—The antibiotic, subtilin, has a unique type 
of chemical structure on which more work is needed as part of the gen- 
eral problem of the mechanism of action of antibiotics in the killing of 
micro-organisms. 


UritizaTion INveEsTIGATIONS OF VEGETABLES (Excepr Wuire 
PoraTors) oF THE Eastern Reeion* 


(BAIC—RRL-44—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and improved processes and extended uses for veg- 
etable crops in the Eastern States that will provide an outlet for vege- 
tables not otherwise marketable and that will divert from ordinary 
channels of trade vegetables offered in excess of the quantity that can 
be absorbed at a reasonable pr ice; and to develop uses for the wastes 
of the vegetable industry. Current work is particularly directed to 
finding more profitable outlets for the enormous tonnages of vegetable 
wastes that accumulate in the fields and at packing ‘and processing 

centers and which in many cases present disposal problems. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRL—4-(4)-—B-—Chemical research on utilization 
of vegetable crops 

RRL (4)—B-2-1—Vegetable wastes as feeds. To study the 
composition of vegetable wastes obtained in different locations and 
seasons and from different methods of drying, grinding, and screen- 
ing so as to convert these wastes into feeds, and to evaluate the feeds 
by actual feeding trials. The Bureau cooperates with the Delaware 
Agricultural Experiment Station for feeding evaluation of vegetable 
leaf meals, using chickens and the Virginia Agric ultural Experiment 
Station, Blac ksburg, for growing broccoli for use as a forage crop. 

RRL-+_( 4)-B-2-2—Constituents of vegetable wastes. To study 
the composition of vegetable wastes to determine the possible value 
of individual constituents, such as the fatty fractions, leaf proteins, 
flavoring substances, and carbohydrates. 

RRL-4—(4)-—B-2-3—Vitamin concentrates from vegetable wastes. 
To prepare from a variety of vegetable wastes vitamin concentrates 
having potential commercial value, such as vitamins of the B group, 
vitamin K, and carotene (provitamin A). 


Research project RRI-4—(4)-E-1—Chemical engineering studies on 
utilization of vegetable crops 
RRL+4-(4)—E-1-3 (Rev.)—Miscellaneous chemical engineering 
services. To aid in the development of new and extended uses for 
vegetables by means of advisory chemical-engineering service, through 
the preparation of preliminary cost estimates on processes still in the 
laboratory stage and through assistance in problems entailing engi- 


*A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department. 
Likewise, under sees. D and B, research projects are used as the basis for reporting expendi 
tures in 1950 and outstanding accomplishments. 
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neering design; also to review specifications for equipment and to 
render routine services such as the preparation of charts and drawings. 

RRL-4-(4)-E-1-6—Chemical engineering investigations on the 
preparation of high-vitamin, high-protein animal feeds from vegeta- 
ble wastes. ‘To determine on a pilot-plant scale feasible commercial 
methods for drying and separating the high-vitamin fractions of 
vegetable wastes; to prepare enough of such fractions for feeding tests 
or other studies; and to provide technical information on costs and 
methods of production for use in the trade. 

RRL-4-(4)—E-1-18—Chemical engineering investigations on the 
recovery and utilization of the volatile flavors (essences) of vegetables. 
To determine on a pilot-plant scale feasible commercial methods for 
recovering essences from the volatile aromas of vegetable juices, both 
freshly pressed and during the course of processing. 

RR (4)-E-1-19-—Chemical engineering investigations on the 
preparation of vitamins and other chemicals from vegetable wastes. 
To determine costs and commercial feasibility of processes for recov- 
ering carotene (precursor of vitamin A) and other chemicals by 
solvent extraction of vegetable wastes. 

Research project RRL-4-(4)-A-1—Analytical investigations on 
vegetables 

RRL-4-(4)—A-1-1—Research analysis investigations. To perform 
routine and specialized chemical analyses on vegetables and their de- 
rived products, and to develop new and improved methods of analysis 
when required. 


Research project RRL-4-(4)-A-2—Physical chemical investigations 
on vegetables 
RRL-4-(4)—A-2-1—Miscellaneous physical chemical investiga- 
tions. To apply specialized methods of physical chemistry to the 
chemical and technological problems arising in extending the utiliza- 
tion of vegetables and their derived products. 
Research project RRL—4-(4)-A-3—Physical investigations on vege- 
tables 
RRL-4—(4)-—A-3-1—Miscellaneous physical investigations. To 
apply specialized methods of physics and the services of physicists to 
the chemical and tochaalonieal problems arising in extending the utili- 
zation of vegetables and their derived products. 


Research project RRL-4-(4)-A-5—Chemical composition of buck- 
wheat and other flavonol-bearing plants 
RRL-4—- (4)—A-—5-1—Recovery of rutin and related flavonols from 
buckwheat and other plants. To determine the presence and quantity 
of rutin in buckwheat and other flavonol-bearing plants and to devise 
processes for extracting rutin from such plants for pharmaceutical 
and medical use. 


Research project RRL-4-(4)-OD-1—Development studies on utiliza- 
tion of vegetable crops 
RRL-4—(4)-OD-1-1—Technical development suveys relating to 
the industrial utilization of vegetable crops. To aid in the develop- 
ment of new and extended uses of vegetable crops through technical 
surveys of raw materials, their location, accessibility, cost, and other 
factors that determine the feasibility of commercial development. 








1262 AGRICULTURAL RESEARCH AND RELATED SERVICES 


RRL-4-(4)-—OD-1-3—Market surveys and industrial development 
of high-vitamin, high-protein animal feeds from vegetable wastes. 
To provide information on the current availability and geographical 
distribution of vegetable wastes having high nutritional value and to 
assist in industrial adoption of processes utilizing such vegetable 
wastes. 

RRL-~—(4)—OD-14—Market surveys and industrial development 
of vitamin concentrates from vegetable wastes. To assist in the indus- 
trial adoption of processes for recovering vitamin concentrates from 
vegetable wastes. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies on utilization of vegetables of the eastern region started in 
1940, with surveys to determine availability and gecgraphical distri- 
bution of vegetable wastes and residues and composition studies to 
determine potential values of the various kinds of vegetable residues. 
When it was discovered that many vegetable wastes are rich in protein 
and vitamins, research was directed to the preparation of dehydrated 
vegetable products for use as feed supplements and in the preparation 
of vitamin concentrates. One vegetable, broccoli, was found to be so 
rich in these accessory food factors that, in cooperation with the 
Virginia Agricultural Experiment Station, attention is now directed 
to the problem of growing it solely for processing into feed supple- 
ments and vitamin concentrates. More recently studies have been 
directed to separation of constituents or groups of constituents from 
vegetable materials where those particular constituents have specific 
nutritional or drug value. 


D. FUNDS--ANNUAL EXPENDITURES 


Expenditures for work on this project averaged approximately 
$33,000 annually for the fiscal year period 1941-45, inclusive, and 
$88,000 for the period 1946-49, inclusive. Expenditures for the 1950 
fiscal year were approximately $83,000, which was apportioned among 
the various research projects as follows: B-2, $35,200; E-1, $16,700; 
A-1, $1,000; A~2, $1,800; A-3, none; A-5, $22,900; OD-1, $5,400. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL-4-(4)-B-2 

Feeds from vegetables wastes ——Extensive chemical composition 
studies by the Bureau on vegetable wastes that accumulate in enor- 
mous quantities in fields and at packing centers have shown that the 
leafy portions are rich in protein, minerals, and several vitamins. 
Feeding trials conducted with meals prepared from these leafy wastes 
have shown that generally they have as good or better nutritional value 
than alfalfa meal. The leaf proteins contain well-balanced mixtures 
of the 10 essential amino acids, and some of the wastes are particularly 
rich in vitamins. These results disclosed the enormous potential value 
of the millions of tons of vegetable wastes annually available for the 
production of feeds. Utilization of the wastes in this way would also 
in many cases solve serious disposal problems. 
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Vitamin concentrates from vegetable leaf wastes—The Bureau has 
developed procedures for the production of carotene concentrates from 
dried vegetable leaf wastes. Carotene is used commercially as a bland 
source of vitamin A. Until recently the product prepared as a con- 
centrate could not compete with vitamin A from fish-liver oils on a 
price basis, but improved sources and production methods have altered 
this situation. By the Bureau’s procedures high-potency concentrates 
are obtained from the wastes. 

Determination that carotene is completely utilized for vitamin A by 
growing chicks —Based on feeding trials conducted cooperatively with 
the University of Delaware, it was conclusively demonstrated that 
carotene from dehydrated vegetable waste, either in the form of the 
vegetable meal or as a concentrate, is just as efficient as vitamin A from 
fish-liver oil in sustaining chick growth. This is a basic discovery of 
considerable importance and emphasizes the value of vegetable-leaf 
meals as a source of vitamin A. 

Balanced composition of vegetable leaf proteins —Comprehensive 
analytical investigations of the amino acid composition of vegetable- 
leaf proteins show that the quality of such leaf proteins is good because 
of the well-balanced distribution of the essential amino acids. This 
places additional emphasis on the feeding value of leaf meals. 


Research project RRL—4—(4)—-E-1 


Preparation of Sen ere meals for feeds and for preparing 
vitamin concentrates.—Through chemical engineering research com- 
mercially feasible processes have been developed for the production of 
high-vitamin, high-protein leaf meals from vegetable wastes. They 
include the fractional drying of the wastes in either a through-circula- 
tion continuous-belt drier or a rotary, direct-fired, alfalfa-type drier. 
Leaf meal is prepared by separating the dried leaf from the partly 
dried stem. Leaf meals from vegetable wastes for the most part are 
richer in the valuable constituents than typical alfalfa meal. The costs 
for making a ton of leaf meal in a rotary alfalfa drier from pea vines, 
lima-bean vines, broccoli, spinach, and-beet tops are $43, $38, $90, $58, 
and $95, respectively. To arrive at a selling price there need be added 
to the “costs to make” only the selling costs and a margin of profit. 
These costs are for an operation auxiliary to an existing enterprise, for 
example, vegetable processing. 

Preparation of buckwheat-leaf meal for rutin manufacture —Two 
alternative processes were developed for preparing buckwheat meal 
for rutin manufacture. To produce the meal on a large farm scale 
without undue loss of rutin a special procedure was worked out involv- 
ing harvesting at an immature age, careful field-wilting, and controlled 
drying in a rotary alfalfa drier. The use of dried meal enables year- 
round operation of the rutin plant. 

Research project RRL-4-(4)-A-1 

Analytical service and research—The accomplishments under this 
project were of a service and research nature that contributed ma- 
terially to work in progress on other projects. Thousands of analyses 
have been made on vegetables, vegetable wastes, and derived products 
to determine their value as animal feeds or feed concentrates. Of 
particular value in the extraction of vegetable constituents with flam- 
mable and explosive solvents was the design and construction of a fire- 
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proof room for conducting analytical extractions, equipped with 
elaborate automatic safety devices. 
Research project RRL-4-(4)—A-2 

Physical chemical service and research.—Up to the present activities 
on this project have been concentrated on milk proteins, white potatoes, 
apples and other fruits, and hides and skins, rather than on vegetables. 
Accomplishments are presented under similar research projects in the 
reports for RRL-4—(3)-A-2 (ch. 13), RRL-4-(6)-A-2 (ch. 2), 
RRL—-—(8)-A-2 (ch. 15), and RRL—4—(9)-A-2 (ch. 1). 
Research project RRI-4-(4)-A-38 

Physical service and research—The accomplishments under this 
project were of a service and research nature concerned with develop- 
ment of specialized physical methods and their application to work in 
progress under other projects. For example, spectroscopic and X-ray 
diffraction methods were applied to the analysis and identification of 
plant pigments, sterols, and other important components in vegetables 
and other plants. Of particular value was the development of spectro- 
scopic methods for the analysis of rutin in plant material, in commer- 
cial preparations, and in pharmaceutical tablets. One of these methods 
was adopted in the National Formulary, an official compendium on 
drugs of the American Pharmaceutical Association. The accomplish- 
ments under this project contributed materially to the progress of 
research under other projects and to other accomplishments listed. 
Research project RRI-4-(4)-—A-5 

Establishment of buckwheat as a commercial source of the drug 
rutin, and the development of processes for the extraction of rutin — 
The buckwheat plant was found to be far superior to flue-cured tobacco 
as a potential commercial source of rutin. Economical methods were 
devised for extracting rutin from green or dried buckwheat and re- 
fining it to pharmaceutical purity. Cooperation was then developed 
with a number of chemical manufacturers to promote the commercial 
preparation of rutin in order to make available adequate supplies of 
the drug for clinical and medical uses. Commercial production started 
in 1945. Meanwhile, the various types of buckwheat were compared, 
and the type known as Tartary (sometimes called “duckwheat”) 
proved to have several features that made it better adapted than other 
types as a commercial source of rutin. New methods were devised 
for analyzing plants to determine their rutin content and for deter- 
mining the purity of rutin itself, so that inferior products could not be 
marketed for medicinal purposes. Seventeen chemical companies are 
now manufacturing rutin and some 70 pharmaceutical houses are mar- 
keting rutin tablets. They are available in drug stores on prescription. 
No estimates are available on the annual production of rutin, but under 
present conditions the dollar return to manufacturers and distributors 
issubstantial. The medical use of rutin is expanding. 
Research project RRL-4-(4)-OD-1 

Availability of vegetable wastes.—Extensive surveys have been made 
to determine the locations, quantities, seasonal variations, and nature 
of the different vegetable wastes that accumulate in fields and at pack- 
ing centers. This information has been of inestimable value in the 
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over-all program of developing profitable uses for the enormous quan- 
tities of such material patentinlly available by facilitating the determi- 
nation of suitable plant locations. It has also been of direct value 
to many industrial concerns engaged in processing vegetable wastes 
for the purpose of salvaging their valuable constituents or their re- 
moval when they became a serious disposal problem. Based on an 
estimated total of 3.5 million tons per annum of available vegetable 
wastes, if all were processed into feeds, some 350,000 tons of dry feed 
material would be obtained. At a retail value of $70 per ton, 
this would represent a total potential monetary value as feeds of 
$24.500,000. 

Vegetable wastes utilization advanced through industrial liaison.— 
Through industrial liaison activities of the Eastern Regional Research 
Laborator y, some 25 industrial companies engaged in vegetable wastes 
utilization have been supplied information which has ‘assisted them 
materially in furthering the utilization of these wastes. Informa- 
tion on availablity of w astes in specific areas and seasonal variations 
have been particularly valuable to industrial companies in locating 
supplies of raw material, more efficient use of dehydrators, and other 
processing equipment used for several products throughout the year, 
affording local supplies of feed materials, thus eliminating high trans- 
portation costs and reduction of high disposal costs “and stream 
pollution. 


F. SOME ADDITIONAL WORK NEEDED 


Extended studies on preparation and use of leaf meals from vege- 
table wastes.—While research has demonstrated the value of vegetable 

wastes for preparation of leaf meals of high-protein, high-vitamin 
odaitent for use in feeds, there is need for additional studies to deter- 
mine the potential availability of vegetable wastes in specific local 
areas of the country, suitable plant locations, the best type of com- 
mercial drying equipment for processing these wastes, and costs of 
oe (economics involved). There is also need for extending 

feeding trials on vegetable leaf meals, which have so far been con- 

ducted on poultry, to large stock such as dairy herd and range cattle. 

Studies on the isolation and uses of fatty constituents of vegetable 
leaf meals.—Research has demonstrated that leaves contain many 

valuable fatty compounds, which are called lipids for brevity. Par- 

ticular attention should be given to the preparation of concentrates of 
tocopherol, sterols, -arotene, and chlorophyll from raw and dehy- 
drated leafy wastes. There are many lipid constituents of vegetable 
leaf meals, and continued research may discover new and expanded 
uses for some of these substances. 

Evaluation of broccoli as a forage crop —It has been demonstrated 
that leaf meals prepared from broccoli wastes have unusually high 
contents of protein and vitamins. Because of this fact, cooperative 
studies with the Virginia Agricultural Experiment Station have been 
initiated wth a view to determinng the feasibility of growng broccoli 
solely for use as a forage crop. "These studies should be continued 
until this determination is made. 

More complete evaluation of carotene. so far 
iave demonstrated that carotene from veget table sources is the equiva- 
lent of vitamin A from fish liver oils in the feeding of chicks. This 
is a basic discovery of considerable importance, and further feeding 
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trials should be extended to include other poultry and larger animals 
to establish fully whether or not this equivalence applies generally in 
animal feeding. 

Plant sources of compounds for use in synthesis of cortisone and 
related products—Because of the importance of discovering plant 
sources of compounds suitable for use in synthesizing cortisone and 
related hormones useful in treating arthritis, an extensive survey 
should be made to discover whether vegetable plants and wastes may 
contain compounds suitable for this purpose. This survey should 
include both domestic and foreign plant introductions. 

Recovery of volatile vegetable flavors—F lavor is undoubtedly the 
most important single factor in determining the quality of processed 
vegetable products. Methods of recovering flavor essences now lost 
in tomato and other vegetable processing should be investigated in 
order to restore these volatile flavors to the processed prduct and 
thereby improve the quality. 

Further medical evaluation of rutin—More medical and pharma- 
cological research is needed not only on rutin but also on related com- 
pounds from plant sources in order to throw light on the mechanism 
by which rutin produces its effects in the human body and to further 
expand the use of rutin. 

Composting vegetable wastes.—Plant materials of all sorts are com- 
monly composted to produce, by fermentation, humus material for 
the enrichment of soils. 'To the material is usually added one or more 
of the following: Lime, lime plus mineral fertilizer, animal manure, 
soil, cultures of bacteria. The process is always carried out in out- 
door piles and requires several weeks for completion. From what is 
known of the chemistry and biology of composting, it should be pos- 
sible to complete it in a far shorter time, perhaps a few days, if all 
conditions concerned were at optimum. These are: (1) Moisture 
content, (2) fineness of cut, (3) chemical adjuncts such as nitrogen 
and lime, (4) inoculation, (5) aeration, (6) temperature, and (7) 
agitation. Under the optimum conditions, the process might be so 
rapid that it could be done continuously in a factory operation. This 
would take care of both field and processing plant wastes and would 
return to the soil what had been removed from it. 


DeEVELOPMENT OF A MeruHop ror MEASURING THE TENDERNESS OF 
Raw Srock RepresENTEeD BY Frozen Pras 


(BAIC—RM:; a-241—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To compare the existing methods for measuring original tender- 
ness, or inversely, maturity, of green peas that have been frozen and 
to develop new, rapid, and accurate tests for routine use in grading 
frozen peas. The current work includes definitive evaluation of pre- 
vious work, comparison of proposed tests when applied to freezing- 
type peas, and development of one or more new or improved tests 
suitable for routine use in grading frozen peas. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-241-1 (c)—Method for measuring the raw-stock maturity 
in frozen peas (contract). ‘To find a apid and reliable method for 
measuring the tenderness and maturity of frozen peas. Peas for use 
in this study are being grown, harvested, and examined for physical 
properties by the Utah ‘Agricultur al Experiment Station under con- 
tract with the Bureau. 


} HISTORY AND EVOLUTION OF THIS WORK 


Tentative U. S. Standards for grades for frozen peas were estab- 
lished in the late 1930’s. The test for tenderness or maturity is an 
adaptation of one used for grading canned peas and is based upon a 
measurement of the density of the peas. The present work was initi- 
ated in 1948. 


D. FUNDS—-ANNUAL EXPENDITURES 


About $10,000 was expended on this project in the fiscal year 1950. 
For 1949 and 1948 the amounts were $21,000 and $13,000, respectively. 


E., EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A modification of the present official method of grading frozen 
peas has been developed. By eliminating the laborious step of remov- 
ing the skins from peas to be tested, the modified method makes con- 
venient the use of larger samples and thereby reduces the sampling 
error and labor requirements. The modification gives the same results 
as the standard test, which has been used in the industry as the basis 
for grading and pricing frozen peas. 


F. SOME ADDITIONAL WORK NEEDED 


General validation of improved tests——In the work done so far on 
development of a new or improved test for the tenderness or maturity 
of frozen peas, it has only ho possible to use peas of a few varie- 
ties. Before such a test can be recommended for general use through- 
out the country, it should be tested on numerous samples of peas repre- 
senting all the important freezing varieties and geographical areas 
where they are grown. 


CONVERSION OF VEGETABLE AND ANIMAL Bypropucts, SURPLUSES, AND 
Wastes Intro New Frepsturrs AND THE EsTABLISHMENT OF THEIR 
Freptne VALUES 


(BAIC, BAI, and BDI—RM: a-307—Federal-State—RMA Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the possibility and feasibility of utilizing, for the 
production of feedstuffs, sweetpotatoes, including vines; surplus fruits 
and vegetables, including wastes; and animal and plant byproducts. 
Current work is designed to evaluate the economic factors of developed 
processes, and to evaluate derived feedstuffs and other surplus and 
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waste materials by comprehensive feeding tests with dairy and beef 
cattle, poultry, and other livestock with respect to nutritive values, 
place in diets and rations, and economy of utilization. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-307—-1—Determination of the nutritive value, place in the 
diet, and general usefulness for livestock of various organic byprod- 
ucts. This work, conducted in cooperation with agencies responsible 
for human and animal nutrition research, is directed at measuring 
the actual feeding value of developed products, either to find outlets 
for new products or to improve processing methods for currently used 
feeds. As occasion one other products on the open market on 
which information is lacking are studied. 

RM: a—307-2—Carbohydrate feeds from vegetable- and fruit-proc- 
essing wastes. To develop a commercially fe: asible method for proc- 
essing solid fruit- and vegetable-cannery wastes into products suitable 
for livestock feeds. Work on the production of these feeds is being 
conducted in cooperation with an association of canners in California, 
while their evaluation in feeding tests is a cooperative project with 
the California Agricultural Experiment Station at Davis. 

RM: a-307-3—Utilization of cull and sur plus potatoes for the feed- 
ing of beef cattle. To determine the most satisfactory methods of 
feeding potatoes for fattening cattle. (Cooperation with agencies 
responsible for livestock feeding studies. ) 

RM: a-307-4 (C)—Utilization of sugar beet tops through dehydra- 
tion (contract). This work is being done under contract by the Colo- 

rado Agricultural Experiment Station at Fort Collins, with the objec- 
tive of devi ising and testing on a pilot-plant scale a practical procedure 
for preserving by dehydration sugar beet tops or leaves for use as a 
high-grade feed for livestock or poultry. 

RM: a-307-7 (C)—Commercial-scale studies of the dehydration of 
feed wastes of vegetables. To develop on a commercial scale feed sup- 
plements from vegetable wastes and to determine their feeding value 
and acceptance in commercial feed markets. 

*Pilot-plant studies on vegetable wastes.—To determine by chemical 
engineering ore plant investigations the best methods for converting 
fresh vegetable wastes from canning or other processing plants into 
more stable materials for use a8 feeds or for extraction of feed supple- 
ments. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1941 the Department set out to find ways of utilizing the 4,000,- 
000 tons of leaf waste incident to the growing of veget tables. The 
present project carries the results of that work to research on com- 
mercial production, since it was not possible in the pilot plant to pre- 
pare enough leaf meals for stock-feeding trials. In 1948 a contract 
was made with a truck-growing company to erect a commercial-size 
drying unit, to operate it on a number of wastes, to supply a certain 
tonnage for animal feeding trials, and to determine the commercial 
ace epability of the product. Pilot-plant studies on processing wastes 
have just been started. 


*Line of work for which no symbols have been assigned. 
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The disposal of large tonnages of solid wastes resulting from the 
harvesting and processing of fruits and vegetables has become an 
acute problem for large segments of these industries. Introduction 
into public watercourses or dumping on land is not only wasteful of 
the nutrients contained in these materials but also creates a public 
nuisance. Numerous attempts have been made to process these wastes 
into stable products suitable for food, but, with exception of those 
on citrus waste, the efforts have met with little success. This project 
has been in progress about 2 years, and during that time processes have 
been developed which are now undergoing pilot-plant and small-scale 
commercial development. Cooperative feeding investigations were 
undertaken in 1949 on potatoes and distillers’ byproducts. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures by three Bureaus for the fiscal years 1948 through 
1950 were as follows: 








1948 | 1949 | 1950 
iw pee ; st ea $60, 000 $28, 000 $45, 000 
BAL. sete Wedd ita alpen led dtbens ; —s ¥ ‘ icin ‘ 20, 000 20, 000 
Des <kkwasngpictiacmes les cased 1, 500 | 300 At 
I a ale scam te aa ‘email ees 61, 500 | 48, 300 65, 000 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The commercial preparation of highly nutritive leaf meals from 
vegetable wastes and their use in commercial feeds—This industry is 
the beginning of a new period of development for the vegetable 
growers of this country. Now they have the opportunity for profit- 
able utilization of nearly all parts of the vegetable plants they raise. 

A process for converting pear cannery waste into valuable feed- 
stuffs —The feasibility of this process has been demonstrated on a 
pilot-plant scale in cooperation with an association of canners in 
California. Evaluation of the two products, dehydrated pear pomace 
and pear molasses, as feed for cattle, sheep, and swine is being carried 
out in cooperation with the California Agricultural Experiment 
Station. Preliminary results have been promising. 

Feeding value of distillers’ byproducts produced when malt is re- 
placed by a mold enzyme—Cooperative feeding tests with cattle, 
swine, and sheep have shown that distillers’ dark grains produced 
when malt is replaced by a mold enzyme are approximately equal in 
feeding value to distillers’ dark grains made by the conventional proc- 
ess using malt. The distillers’ grains, obtained by the first process 
were slightly less palatable than grains produced by the conventional 
malt process. The grains produced by the malt-substitute process 
were not toxic when fed in much larger amounts than would be nor- 
mally used in a ration. Moreover, distillers’ solubles made by the 
malt-substitute process were found to be a satisfactory source of ribo- 
flavin for chicks. 

Southern byproduct feeds make good dairy ration—A concentrated 
feeding mixture for dairy cows, consisting entirely of byproducts from 
southern crops, produced as much milk as did a standard mixture 
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containing 70 percent of grains, and at less cost, in feeding trials with 
milk-yielding dairy cows. The byproducts mixture was made up of 
dried citrus pulp, dried sweetpotatoes, peanut meal, and cottonseed 
meal. The standard grain mixture was ground corn and oats, wheat 
bran, and cottonseed meal. The cost of the byproducts mixture was 
$75.04 per ton, while the cost of the grain mixture was $94.52 per ton, 
at the prices current when the experiment was conducted. 


F, SOME ADDITIONAL WORK NEEDED 


Vegetable wastes in Florida—Commercial-scale research should be 
extended to include vegetable wastes from other parts of the country. 
This is especially true for Florida, where there is high concentration 
of vegetable wastes in certain areas and a drastic shortage of native 
feedstuffs. 

Cannery wastes.—A natural extension of the work on field wastes 
would be a study of the recovery of useful products from processing- 
plant wastes. This is being started on a pilot-plant scale; if promis- 
ing, it should then pass to a commercial scale. 

Determination of growth factors in fruit and vegetable wastes.— 
There are indications that certain fruits and vegetables and their proc- 
essing wastes contain growth factors that have not been identified. 
The identification of these factors and the role they play in animal 
nutrition are essential to the evaluation of these materials as feedstuffs. 


PREPARATION OF PrecooKEep Frozen Foops AND THE PosstBLE Occur- 
RENCE AND SIGNIFICANCE OF PATHOGENIC ORGANISMS IN FROZEN 
Foops 


(BAIC—RM : a-401—Federal—RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To develop commercial precooked frozen food products (except 
poultry) that will meet the increasing demand for small packages of 
high-quality foods that are easily prepared for serving, and to esti- 
mate the health hazards that might occur from bacteria in this type 
of frozen food. Current work is devoted to eggs and vegetables, and 
to one genus of bacteria (the Salmonella). 


B. CURRENTLY ACTIVE LINE PRODUCTS 


RM: a—401-1—Occurrence and significance of bacteria in frozen 
foods. The objectives are: (1) To determine the prevalence of Sa/- 
monella bacteria in commercial frozen foods ihnia on the open 
market (2) to identify the types of Salmonella found; and (3) to 
evaluate the findings in terms of the hazard to health. 

RM: a-401-2—F reezing preservation of cooked eggs and products 
containing eggs. To determine why freezing of ae eggs causes 
wn undesirable change in their texture and to develop methods of pre- 
venting this change so that eggs can be used in precooked frozen foods. 

RM: a-401-3—Storage stability of venation in frozen cooked 


foods. To determine what processing and storage factors are impor- 
tant in the commercial production of good-quality frozen food mix- 
tures containing cooked vegetables. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


During 1940-50 frozen precooked foods began to appear in many 
ejachead laicdinns of their convenience and potential high quality. The 
volume of production, however, is not large in comparison with many 
other products, partly because the quality is variable and partly be- 
cause there is uncertainty regarding health hazards that might arise 
from improper processing or handling. Research on these food prod- 
ucts was undertaken to establish the factors that would lead to the 
production of uniformly high-quality food at minimum cost and 
health hazard to consumers. 


D. FUNDS—-AN NUAL EXPENDITURES 


Expenditures on this poche have averaged approximately $25,500 
annually for each of the two fiscal years (1949 and 1950) of its 
existence. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Quantitative evaluation of certain factors that influence the quality 
of precooked frozen vegetables—Many precooked frozen foods used 
in mixed dishes are soggy after they have been cooked, frozen, and 
reheated. Experiments with precooked frozen celery, peas, corn, car- 
rots, lima beans, snap beans, and water chestnuts have shown that the 
desirable crispness of the fresh vegetables can be retained if they 
are not overcooked before freezing and provided they are not reheated 
too long. The adverse changes in color and texture that occur on a 
steam table are no greater than for fresh vegetables. The unusually 
crisp texture of Chinese water chestnuts is not damaged by prolonged 
heating, and their inclusion in mixed dishes should provide some de- 
gree of crispness, even under somewhat severe processing and use 
conditions. The fresh flavor of precooked frozen vegetables can be 
retained by surrounding them with a sauce or gravy to give a “solid 
pack” and by using an airtight metal container. The type of package 
is more important than storage temperature in preventing the develop- 
ment of off-flavors. 


F. SOME ADDITIONAL WORK NEEDED 


Precooked frozen foods without sauces or gravies—Many vegetable 
and meat products are suitable for precooked frozen storage only when 
they are covered with liquid, sauces, or gravies. This tends to be a 
monotonous characteristic of precooked frozen food. Study of flavor 
deterioration is a necessary first step leading to prevention of this 
deterioration and might result in more variety in precooked frozen 
food, in which the use of sauces or gravies could be optional. 

Precooked frozen meat products—The problems, especially ran- 
cidity problems, that might be encountered in precooked frozen pork, 
ham, fish, and other meat products should be carefully investigated. 
Determination of the factors responsible for the variable quality and 
the limited storage life shown by some of these frozen meat products 
may lead to proamen methods of producing uniformly good products 
having satisfactory keeping quality. 
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Development of means for controlling or reducing the number of 
Salmonella bacteria in frozen foods.—In addition to work that is 
underway on the occurrence of Salmonella organisms in commercially 
frozen foods, there is need for determining their resistance to freezing, 
their survival during frozen storage, and their growth rate during 
defrosting in order to develop the best means for eliminating these 
micro-organisms as health hazards in frozen foods. 

Evaluation of the health hazard due to toxin-producing Micrococei 
in commercially frozen foods—More than 50 percent of food- 
poisoning cases are thought to be due to toxin produced by a certain 
genus of bacteria, Micrococci. The poisoning is characterized by 
severe vomiting or diarrhea (sometimes both), coming within a few 
hours after toxin-containing food is consumed and lasting for about 
24 hours. Many cases are not officially reported as instances of food 
poisoning. Since precooked frozen foods provide a good medium 
for growth of the toxin-producing bacteria, there is need to determine 
their prevalence, growth rate, and tendency to produce toxin in such 
foods. Because it is hard to determine the amount of toxin in various 
foods except by elaborate tests with animals, there is little information 
on the factors that influence toxin production. Ways must be found 
to measure the amount of toxin in order to evaluate its occurrence 
in foods. 


Quauiry EvALUATION OF VEGETABLES 
(BPISAE—b-4-12—Federal—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


(1) To determine the relative merits and limitations of vegetable 
varieties—especially newly developed ones—for preserving by freez- 
ing, canning, or other means, and (2) to determine which of several 
preserving methods will bring out the best qualities in each.. Also, 
(3) to determine the response of varieties to such factors as season 
of growth (weather), time of harvest, stage of maturity at harvest. 
and holding or storing before processing in relation to suitability of 
the product for processing. Present emphasis is on freezing. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-4-12-1—-Varieties of sweet corn, garden beans, and other vege- 
tables for freezing-preservation and the effects of preprocessing and 
handling practices on the suitability of varieties for freezing. To 
determine the relative suitability of varieties of specific crops for 
freezing-preservation and any peculiarities of the varieties that may 
require special handling after harvest in order to bring out the best 
qualities in them. Also to determine varietal responses to weather 
and methods of culture and handling before harvest in relation to 
quality of the processed product. 

b—4—-12-2—-Vitamin content of vegetables in relation to variety, 
maturity, and conditions of storage or preservation. The vitamin 
laboratory collaborates with specialists in plant breeding, in food 
processing, and in handling, prepackaging, transportation, and stor- 
age to determine the relation of variety and processing or other treat- 
ment on the content of important vitamins in vegetables as obtained 
by the consumer. . 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The earlier work started about 1920 and involved research on the 
technology of the canning and freezing processes, responsibility for 
which was later transferred to another bureau. Basic work was done 
on heat penetration, role of acidity, the biology of spoilage in cans, 
sterilization temperatures, blanching, rate of freezing, containers, 
brines, storage temperatures, and related matters, largely to control 
various types of outright spoilage in processed fruits and vegetables. 
The project began to concentrate on its present type of activity in 
the early 1930's. Later emphasis was placed on research with raw 
vegetables for improvement of quality; effects of variety, season, 
preprocessing treatment, and changes in seasonal development and 
maturity. Through the 1940’s dehydration was emphasized because 
of military food supply problems. Now freezing preservation is 
receiving major attention because the great expansion in the frozen- 
food industry has been accompanied by pressing demand for data of 
varietal performance and related problems with respect to raw 
vegetables. 


D. FUNDS--ANNUAL EXPENDITURES 


Through the 1920’s and early 1930’s about $20,000 annually was 
expended, during the late 1930’s about $15,000, through the 1940’s 
about $25,000, and in 1950 approximately $29,500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Pioneer work on canning.—This project helped to eliminate almost 
entirely certain types of spoilage. 

Studies on vegetable varieties for processing —These experiments 
established a sound basis for harvesting at the proper time to obtain 
and preserve maximum quality. This work emphasized the impor- 
tance of variety, stage of maturity, effects of weather, and preprocess- 
ing treatment of raw vegetables, and, in general, the biological aspects 
of the food-processing business. 

Dehydration—During and immediately after World War II all the 
important varieties of the major vegetable crops were evaluated for 
preservation by dehydration, and many necessary modifications in 
common procedure were developed to get the best results from each 
variety. 

Freezing —Pioneer work on the food-freezing process and on the 
microbiology of frozen vegetables, conducted more than 15 years ago, 
provided many of the basic facts on which modern frozen-vegetable 
industries are based. More recent work has dealt with varietal evalua- 
tion for freezing. 

Vitamin studies —Vitamin analyses of raw vegetables and of proc- 
essed vegetables at different stages of processing by different methods 
have aided in developing directions for producing products of the 
highest quality. Prepackaging practices that involve much cutting, 
crushing, or bruising of living tissues were shown to result in rapid 
loss of valuable vitamin content. Other work established the fact that 
under suitable storage conditions the vitamin A content of yellow- 
fleshed sweetpotatoes increases for some months after harvest. 





1274 AGRICULTURAL RESEARCH AND RELATED SERVICES 


F. SOME ADDITIONAL WORK NEEDED 


Additional crops need to be evaluated in the same manner as those 
under study at present; also, as new varieties continue to appear, they 
should be evaluated. 

Temperature-maturity relations, as worked out for predicting and 
guiding the best harvesttime of peas and corn, need to be worked out 
for additional crops, such as snap beans and lima beans. 

Objective methods of judging quality of both raw and processed 
vegetables are among the most pressing needs in the entire field of food 
technology. Very few such criteria are available and for very few 
commodities. Development of such methods will require a major 
research effort. 


CROSS REFERENCES—-UTILIZATION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
BAIC—b-1, Chapter 12, processing cucumber pickles and other vegetables. 
BAIC—h-S8, Chapter 12, fruit, vegetable, etc., utilization studies. 
BAIC—RM: a-—145, Chapter 38, antibiotics from sweetpotatoes, cabbage, and 
other plants. 
BAIC—RM: a-—421, Chapter 19, temperature requirements of frozen food. 
BAIC—RM : a-520, Chapter 13, instruments for color and moisture. 
BHNHE—RM: a-12 and b-1-—16, Chapter 29, food utilization and preparation. 
BHNHE—RM : a-13, Chapter 29, family food consumption. 
BHNHE—RM: a-345, b-2-2, and b-1-17, Chapter 29, distribution of nutrients in 
foods and nutritive value of foods. 
BPISAE—BHNHE—RM.: a-308, Chapter 30, plans and specifications for facili- 
ties for freezing and storing perishable foods. 


C. MARKETING 


Price, Supply, AND Consumprion ANALYsIs FoR Farm Propucts 
(Veceras_es, INcLupING Porators, SweerroratTors, Dry Brans, 
AND Dry Peas) 


( BAE—A-2-7—Federal-Regular Funds) 


(The discussion of line projects and expenditures on project RM-c-33 in this 
and other commodity chapters covers only work done by BAE. A general 
summary statement for this project, in Chapter 27, Prices and Income, sum- 
marizes not only the research and expenditures of BAE but also shows expendi- 
tures of OES and lists OES line projects carried out through State and Terri- 
torial experiment stations) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
vegetables (including potatoes, sweetpotatoes, dry beans, and dry 
peas) and (2) make the results available through regular publications 
und on special requests to farmers, Government agencies, and the 
general public. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-8—Analysis of current situation and outlook for vegetables. 
lo appraise the current and prospective economic position of vege- 
tables, to carry on the statistical and analytical work necessary thereto 
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and to make the results available through regular publications, and 
on special request. The Vegetable Situation is prepared and issued 
under this line project. 

‘A-2-7-17——Monthly pattern of receipts of important vegetables at 
major markets, 1941-45. To determine the seasonal pattern of move- 
ment of major vegetables to metropolitan markets. 


C. HISTORY AND EVOLUTION OF THIS WORK 


(See this project in Chapter 27: Prices and Income.) 
D, FUNDS—ANNUAL EXPENDITURES 


Expenditures on this work during the fiscal year 1950 (all from 
regular funds) amounted to about $20,400; in 1949, about $15,200; 
and in 1948, $16,700, 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Publication of basic studies and others.—These publications were 
as follows: Canned Vegetable Prices, published in 1933, measured 
the influence of supplies of canned vegetables, and the general price 
level on the prices of canned vegetables. 

A Study of Factors Affecting | the Price of Dry Edible Beans in the 
United States by Classes, 1922-23 to 1934-35, was published in 1938. 
During this period, changes i in income of industrial workers accounted 
for more of the fluctuations in price of various varieties of dry beans 
than did changes in the production or supply, except for standard and 
baby lima beans. 

A basic statistical study, Production and Consumption of Veg- 
etables, United States, 1909-43, was published in 1944. 

Farmers’ Response to Price in the Production of Potatoes, 1922-41, 
was published in 1945. In the relatively stable period studied, a 
10-percent change in prices received one year was associated with a 

2-percent change in the same direction in acreage planted the following 
year. 

Contributions were made under this project to Problems in Market- 
ing Potatoes, published in 1949. Special appraisals of the demand 
for truck crops have been prepared annually for use by departmental 
groups in the development of production goals and for use by State 
outlook groups. 

The Vegetable Situation is published monthly and has a large 
readership. 


F. SOME ADDITIONAL WORK NEEDED 


Research on price competition between vegetables, and among the 
fresh, canned, and frozen forms of the same vege tables—It is known 
that consumers frequently substitute one vegetable for another, but the 
extent to which relative supplies and prices of certain vegetables : affect 
the demand for alternative vegetables is not known. 

Research on effect of relative supplies and prices of the several forms 
on the gain in consumption of frozen vegetables relative to consump- 
tion of fresh and canned vegetables—Items like green peas and lima 
beans are particularly involved. Probable limits to present trends 


should be studied as well. 


78552—51—-vol. 219 
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MEASUREMENT oF Costs AND Maratns in Marketine Farm Propucts 
( VEGETABLES) 


(BAE—OES-RM-c-163—Federal-State—RMA Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 26: Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure costs and margins in marketing vegetables and to 
analyze factors affecting margins, thereby to ovals the basis for 
suggesting ways and means of bringing about more efficient and 
orderly marketing and reducing the price spread between the producer 
and the consumer. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-163-12 —Marketing margins for selected processed fruits 
and vegetables. The primary objective of this study is measurement 
of average marketing spreads existing between growers of raw produce 
and consumers of the same commodities in the canned or frozen form. 
Items included are canned green beans, corn, green peas, and tomatoes, 
and frozen peas and baby lima beans. The initial report relating to 
margins above the processor level has been published. A break-down 
of processing costs and grower returns is being prepared as a sequel 
to the first release on the project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was directed to make studies of this general type by 
the Research and Marketing Act of 1946, and these specific line projects 
were recommended by the Vegetable Advisory Committee. 


D. FUNDS——-ANNUAL EXPENDITURES 


The cost of RMA projects on costs and margins in marketing vege- 
tables undertaken by the Bureau of Agricultural Economics during 
the fiscal year 1950 was $4,800. (See Measurements of Costs and Mar- 
gins of Marketing Farm Products, Chapter 26: Economics of 
Marketing.) 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The research relating to processed fruits and vegetables was begun 
in October 1949. Accomplishments to date are limited to partial 
achievement of the primary objective, which is measurement of mar- 
keting spreads between producer and consumer, and the completion of 
margins studies on certain specialty crops such as tomatoes and 
spinach. When the information assembled has been analyzed, it should 
reveal economies that can be made in the cost of marketing several of 
our. important vegetable crops. 

The study made by the Bureau of Agricultural Economics and South 
Carolina, The Marketing of South Carolina Tomatoes in New York 
City, disclosed an average loss of 27 percent in the weight of tomatoes 
that was caused by waste and spoilage in the process of moving the 
product from the field through the retail store in New York City. A 
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study of spinach showed that the farmer’s share of the retail price 
received for Norfolk, Va., spinach sold in New York City during 1948- 
49 was 33 cents out of each dollar sold at retail. 


F., SOME ADDITIONAL WORK NEEDED 


Development of a limited amount of research into sampling tech- 
niques, and initiation of a pilot study of managerial policies and prac- 
tices that affect the operating efficiency of fruit and vegetable 
processing plants, along with continuation of a selected group of 
studies designed to measure marketing margins and costs. 


REGIONAL MARKETING ResearcH ON Frvurrs AND VEGETABLES OTHER 
THAN Crrrus AnD Poratrors (VEGETABLES) 


(BAE, BEPQ, BHNHE, BPISAE, FCA, PMA—RM: b-165—Federal-State— 
RMA Funds) 


(For work in cooperation with States under regional projects Nos. NCM-2, 
NEM-2, WM-2, WM-3, SM-4, WM-8, NEM-3, SM-3, see ch. 39) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To broaden outlets for vegetables and increase returns to producers. 
This includes developing improved methods of maintaining desirable 
qualities, measurement of consumer acceptance of fresh vegetables 
marketed under various conditions, working out ways in which con- 
sumption might be increased, and improving the efficiency and reduc- 
ing the costs of marketing through various methods, channels, and 
processes for the purpose of benefiting consumers and increasing 
returns to growers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-165.1—Determining the cause of deterioration in fresh pro- 
duce on markets in the North Central States. To diagnose the dis- 
eases of fruits and vegetables encountered in the economic surveys and 
to conduct pathological studies to determine the factors favoring the 
diseases and means of control, 

RM: b-165.2—Investigation of quality of fresh fruit moving 
through wholesale and retail markets to consumers. (Discussed in 
Chapter 13: Deciduous Fruit.) 

RM: b-165.3—Developing improved methods of handling, packag- 
ing, and shipping tomatoes. To develop improved methods of han- 
dling, packaging, and shipping tomatoes from the southern to north- 
ern markets to reduce losses and improve the quality. 

RM: b-165.4—Maintaining desirable quality in vegetables at all 
stages from harvest to ultimate consumer. To develop methods of 
evaluating and maintaining desirable market quality in vegetables 
grown in the Northeastern States from harvest to the ultimate 
consumer. 

RM: b—165.5—Determine responsibility for bruising of apples and 
develop means of delivering apples of improved quality to consumers 
at minimum cost. (Discussed in Chapter 13: Deciduous Fruits.) 

RM: b-165.6—Influence of consumer acceptance on the marketing 
of Midwestern apples. (Discussed in Chapter 13: Deciduous Fruits.) 





1278 AGRICULTURAL RESEARCH AND RELATED SERVICES 


_ RM: b-165.7—Marketing tomatoes from the Southern States. To 
increase returns to growers and provide greater satisfaction to con- 
sumers. To measure costs and margins and waste and spoilage in 
marketing tomatoes from the field to the consumer. 

RM : b-165.8—Improving the marketing of western deciduous tree 
fruits. (Discussed in Chapter 13: Deciduous Fruits.) 

RM: b—165.12—Prices and margins in the marketing of northeastern 
locally produced fresh fruits and vegetables. Information is being 
collected on each lot of locally produced fresh fruits and vegetables 
with respect to size, variety, method of sale, and selling price, in repre- 
sentative stores in Pittsburgh to: 

a. Measure margins at each point in the marketing channels. 

b. Relate margins taken to services performed. 

c. Analyze factors affecting pricing methods and margins, such as 
prices, spoilage, season, and changes in price levels. 

d. Analyze lags in price movements between points in the marketing 
process. 

e. Analyze competition between various fruits and vegetables. 

RM: b-165 PMA—In addition to the above-numbered line projects, 
PMA is working with the University of Maryland to develop or im- 
prove objective or easily applied measures of quality for vegetables, 
including asparagus, peas, snap beans, sweet corn, and tomatoes. 
This work is done mostly in Maryland. PMA has furnished inspec- 
tion services to assist in learning the extent and type of deterioration 
in quality and condition of tomatoes shipped from Florida and Texas 
and to associate it with packages and methods of handling. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The highly perishable character of vegetables, the wide geographic 
distribution of these crops, the hazards associated with transporting 
these over the necessary long distances, and the wide variety of mar- 
keting channels open to producers invited early attention. Some 
work dates back at least 40 years. But the rapid and violent eco- 
nomic changes resulting from emergency situations have increased 
the problems of marketing these crops. Many of these problems are 
regional rather than national or local. 

Experiment stations are interested in marketing problems that 
extend beyond the borders of their States. They have organized 
committees to explore and study such marketing problems as: (1) To 
learn the factors responsible for desirable qualities in vegetables and 
their products and develop methods of evaluating and maintaining 
those qualities between harvest and use by the ultimate consumers; 
(2) to ascertain market and consumer preferences for specific kinds, 
varieties, grades, qualities, and packages of fresh, or processed vege- 
tables with reference to price and consumer income; and (3) to survey 
existing handling, storing, distributing and marketing facilities; to 
evaluate their adequacy and economic efficiency; and to develop pro- 
posals for such improvements as may be indicated. The experiment 
stations have requested that certain departmental agencies assist them 
in attacking these problems by supplying technical advice, participat- 
ing in employment of joint employees, and providing other assistance 
and services that these agencies are organized to perform. 
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D. FUNDS—ANNUAL EXPENDITURES 


The following budget includes both fruits and vegetables under 
RM: b-165. (See Chapter 13: Deciduous fruits. ) 


| 





E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Approximately 57 pounds of the original 100 pounds of tomatoes on 
the vine reached the consumer; 14.8 pounds were discarded at pick- 
ing; 17.8 pounds were culled at packing shed; 92 pounds were dis- 
carded during repack operations; and 1.5 pounds were lost on the 
retail shelves.—This information was recently published by the South 
Carolina Agricultural Experiment Station and the Bureau of Agri- 
cultural Economics in Physical Losses, Marketing Costs, and Prices 
of Fresh Tomatoes. The so-called miniature tenderometer was 
developed as a satisfactory mechanical test for maturity of raw shelled 
peas for canning. Preliminary work suggests that it will be reason- 
ably accurate, simple to operate, and easily kept in proper adjustment. 
A puncturemeter is more accurate for the measurement of succulence 
of sweet corn than the succulometer, which has been generally used. 
The puncturemeter also shows the range in maturity in the lot since 
readings are taken on individual ears. Considerable progress has 
been made in work with asparagus and snap beans in determining 
the limits in terms of pressure values as obtained with the fiber- 
pressure tester, defining the range of acceptability with regard to 
fibrousness. 

Tomato shipping tests from Florida showed that the various kinds 
of boxes were satisfactory if they were not filled too full and were 
properly loaded on the truck. Box liners were found to reduce box 
rub injury. Close-stacked loads failed to cool, in fact the center of 
tight loads increased in temperature. Loading to provide air chan- 
nels lengthwise of the load enhanced cooling. 

Cauliflower experiments showed that spraying the heads with 2,4—D 
inhibited abscission and yellowing of the leaves and prolonged the 
storage life. 


F. SOME ADDITIONAL WORK NEEDED 


As this project originates with State agricultural experiment sta- 
tions, the lines of work to receive attention will be selected by the 
technical committee of workers from the agricultural experiment 
stations in consultation with representatives of Federal agencies. 
The Federal agencies will assist as requested by these stations. 
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INVESTIGATIONS OF MertrHops oF PREVENTING CONTAMINATION BY 
Insects AND Insect Depris 1n Processep Frurrs AND VEGETABLES 


(BEPQ—RM: c-304—Federal-State—RMA Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to devise methods of preventing the 
occurrence of, or eliminating, insects, insect fragments, or insect 
debris from processed fruits and vegetables. Currently, the activities 
are concentrated upon surveys to determine the character, extent, and 
distribution of the insect-contamination problems encountered by 
industry in canning, freezing, bottling, or otherwise processing vege- 
table products and in the development of methods for the removal of 
such insects, and parts thereof, as aphids, caterpillars, borers, thrips, 
and insect eggs from such harvested crops as kale, broccoli, spinach, 
asparagus, cauliflower, and sweet corn. Methods are being investi- 
gated for the elimination of the insects at the processing plant through 
the treatment of infested crops by washing, screening, flotation 
methods, “reels,” “shakers,” and use of chemicals to remove living 
insects. Sanitation methods to prevent contamination in the process- 
ing factory from houseflies, roaches, and vinegar gnat adults will also 
be investigated. In addition, work is under way to prevent the con- 
tamination of canned or otherwise processed tomatoes and peaches by 
the vinegar gnat or remnants thereof. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-304-1—Surveys of vegetable canning and processing plants. 
To determine the problems faced by industry in the elimination of 
insects and insect fragments in vegetable processing plants and their 
methods in solving or attempting to solve these problems. 

RM: c-304-2—Development of methods of removing aphids, cater- 
pillars, and other insects and insect debris from leafy vegetables to be 
processed. To develop methods for removing such insects as aphids, 
caterpillars, and thrips, or portions thereof, from leafy vegetables to 
be quick-frozen, canned, or cellophane-packed. 

RM: c—304-3—Development of methods of eliminating the Euro- 
pean corn borer from sweet-corn ears to be processed. To develop 
methods for eliminating the European corn borer larvae, or frag- 
ments thereof, from the ears of sweet corn to be quick-frozen, canned, 
or cellophane-packaged. 

RM: c-3044—Prevention of vinegar gnat contamination of canned 
tomatoes and peaches. To prevent, the contamination of canned 
tomatoes and peaches by the vinegar gnat or remnants thereof. 


C. HISTORY AND EVOLUTION OF THIS WORK 


For many years the presence of insects, insect fragments, or insect 
debris in processed vegetables or fruits has been recognized as a 
serious and difficult problem by growers, food processors, health offi- 
cials, and others. ‘The presence of insects, or their remnants, in 
processed foods is considered by health officials to constitute contami- 
nation and therefore to render such affected foods subject to condem- 
nation as being unfit for human consumption. Due to this situation, 
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insect-infested produce is not acceptable to the canner and therefore 
causes a loss to the grower. Moreover, in recent years, insect-infested 
fresh produce displayed in the market has been rejected by the house- 
wife to an increasing degree and has thus caused losses to the mer- 
chants and to many small-scale and large-scale growers. 

Spinach, broccoli, and other leafy vegetables, tomatoes, beans, car- 
rots, asparagus, sweet corn, berries, cherries, peaches, and other fruits 
harbor insect and other life, such as aphids, borers, and other cater- 
pillars, maggots, thrips, lady beetle larvae, insect parasites, and 
syrphid fly larvae. The ears of sweet corn infested by the larvae of 
the European corn borer pose a particularly difficult problem since 
these larvae are sometimes imbedded deeply in the kernels of the corn 
or bore we in the cob. The adults and larvae of the vinegar gnat 
(or pomace fly) often cause an acute problem in tomatoes and fruit- 
canning plants. During recent years this problem has become very 
important in western Colorado. 

Although some preliminary work on the problem of insect contami- 
nation of vegetables and fruit was conducted sporadically for many 
years by entomologists of the Department, a formal project dealing 
with this work was not started until 1949. Research was instituted 
that year with headquarters at Agricultural Research Center, Belts- 
ville, Md., on the removal of European corn-borer larvae from the 
ears of sweet corn; on the removal of aphids and associated insects 
from kale, broccoli, spinach, and other leafy vegetables; and on 
the removal of eggs of the asparagus beetle from the harvested spears 
of asparagus. At the same time research was started in western Colo- 
rado, with headquarters at Logan, Utah, on the vinegar gnat problem 


affecting canned tomatoes and peaches. Research on these activities 
is still under way. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures on this project were approximately $5,700 during 
fiscal year 1949 and $10,300 during fiscal year 1950. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Spreading cull peaches on soil in thin layers aids in preventing 
breeding of vinegar gnat.—In experiments conducted in Colorado, 
breeding of this gnat was not observed in single layers of cull peaches 
and very little was observed in double layers of this fruit. Breeding 
was prolific, however, in three or more layers of the fruit. This 
method, if further investigation shows it to be practicable, may be 
adopted by growers with slight additional expense to harvesting 
operations. 

Surveys of vegetable canning and processing plants made in many 
States.—Surveys have been made to learn the problems faced by in- 
dustry in the elimination of insects and insect fragments in vegetable 
processing plants, and their methods in solving or attempting to solve 
these problems in the following States: Ohio, Maryland, New Jersey, 
Delaware, Virginia, Georgia, Oklahoma, Arkansas, New York, and 
Minnesota. 





1282 AGRICULTURAL RESEARCH AND RELATED SERVICES 


F, SOME ADDITIONAL WORK NEEDED 


The current investigations on this project have not reached a stage 
where the need for additional research, other than a continuation and 
expansion of current research, has become apparent. 


ResEARCH, SERVICE, AND EpUCATIONAL ASSISTANCE FOR Frurr AND 
VEGETABLE COOPERATIVES 


(FCA—a-1—4—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this project is to assist in the development and opera- 
tions of fruit and vegetable cooperatives, as authorized by the Coopera- 
tive Marketing Act of 1926 (Public, No. 450, 69th Cong.). Such 
assistance includes research, service, and educational work in all phases 
of organization and operation. At the present time the work 1s con- 
cerned mainly with (@) operating costs and methods of reducing such 
costs; (6) coordination of marketing activities by groups of moopere- 
tives; (¢) the development of informational and educational publics 
tions concerning the organization, operations, and aoe of coop- 
eratives marketing the principal fruits and vegetables; and (d) mis- 
cellaneous educational work. A minor amount of time is given to the 
compilation of data relating to the unit volume of processed and fresh 
products handled by ¢ ooperatives in comparison with the total shipped 
commercially. (See line projects a—1—4+-2 and a—1—4—5 below.) ‘The 
current work under the project deals mainly with cost studies and 
assistance to boards of directors in the determination of policies re- 
lating to organization and operation. 


B-1. CURRENTLY ACTIVE LINE PROJECTS 


a—1—+-2—-Handbook of cooperatives processing horticultural prod- 
ucts. To compile, analyze, and publish annually data on the volume 
and value of horticultural products processed and marketed by co- 
operatives according to commodities, States, and types of processing. 

a—1—4-5—F resh fruits and vegetables marketed by cooperatives. 
To compile and summarize the volume of fresh fruits and vegetables 
marketed annually by cooperatives in comparison with the total 
volume of fresh fruit and individual sales. 

a—1—4-6—Cooperative marketing of potatoes in the United States. 
To present a complete, well-rounded picture of the cooperative market- 
ing of potatoes in the United States, including the development phases, 
current status, trends, contributions to agriculture, and importance as 
a factor in the potato industry. 


B-—2. CURRENT SERVICE PROJECTS 


Factors affecting the costs of packing California and Arizona citrus 
fruit. To study and analyze the cost factors, such as volume, labor 
utilization, overhead, investment, and s seasonality of operations as a 
means of determining the most efficient and economic operation of 
citrus packing houses in California and Arizona. (Requested by the 
California Fruit Growers Exchange, Los Angeles, and the Mutual 
Orange Distributors, Redlands, Calif.) 
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Coordinated marketing of fresh and processed cranberries. To de- 
termine the degree of competition between fresh and processed cran- 
berries; to ascertain whether consolidation and coordination of the 
marketing program of the cooperatives concerned are required ; and to 
assist in the development of marketing policies. (Requested by the 
National Cranberry Council.) 

Study of crop contracts between. producers and processors of 
fruits and vegetables and the organization and operation of bargaining 
associations ‘for fruits and veget tables (in cooper ation with Ohio 
Agricultural Extension Service). To compile and analyze data re- 
garding contracts between producers and processors of fruits and 
vegetables and methods of organization and operation of existing bar- 
gaining associations and to publish the results for the guidance ‘e of 
farmers planning similar organizations. 

Operations of the Great Lakes Growers Cooperative, North Girard, 
Pa. To review and analyze the operations and economic situation of 
this cooperative and to make recommendations to its directors and the 
Baltimore Bank for Cooperatives. (Requested by the Baltimore 
Bank for Cooperatives. ) 


B-3. CURRENT EDUCATIONAL WORK 


The educational function under the project includes (a) the prepa- 
‘ation of articles for the News for Farmer Cooperatives, (b) partici- 
pation in conferences dealing with the organization or operation of 
fruit and vegetable cooperatives called by cooperatives, extension 
workers, and others; (c) conferences with supervisors and teachers of 


vocational agriculture and other educators regarding the teaching 
of cooperation in schools and colleges; and (d@) the preparation of 
educational material. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Assistance to fruit and vegetable cooperatives began in 1913 with 
the establishment of the Office of Markets. Early ‘emphasis of this 
project was on the organization and establishment of cooperatives. 
Later accounting systems were developed and somewhat later em- 
phasis for a time was placed on case studies of individual cooperatives. 
All these activities are still carired on, mainly in response to calls 
for service assistance. 

As the need developed, case studies have been made of a number 
of cooperatives, and the results reported in publications ranging from 
Department bulletins to confidential reports to the directors of the 
organizations concerned. Studies of the packing, processing, and 
marketing of fruits and vegetables, in part of a service nature to meet 
situations which develop, have been reported in a number of publica- 
tions. Some projects have dealt with the acceptance of the products 
of cooperatives in the wholesale trade and at retail. 


D. FUNDS—ANNUAL EXPENDITURES 


Since 1926, when the Division of Cooperative Marketing (now Co- 
operative Research and Service Division, Farm Credit Administra- 
tion) was established, annual appropriations for this work have 
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ranged from $15,000 to about $80,000 per year. Allotments for fiscal 
1950 for this project, including research, service, and educational 
work, were approximately $73,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in the organization of successful cooperatives.—Since the 
beginning of the project, there have been constant calls to assist groups 
of farmers who wish to form a cooperative. Such assistance has in- 
volved one or all of the following: (a) An economic survey of the 
operating area to determine the need for the cooperative and the 
possibilities of success; (6) development of a general organization 
plan; (c) assistance in the preparation of articles, bylaws, and other 
organization papers; (d@) attendance at organization meetings. Work 
of ‘this kind is generally conducted in cooperation with State exten- 
sion or research specialists. Examples of successful large-scale co- 
operativ es assisted in organization are Maine Potato Growers, Inc., 
Presque Isle, Maine, whose total volume of business in 1949 exceeded 
$23,000,000; Nuchief Sales, Inc., Wenatchee, Wash.; and many local 
cooperatives. At the same time, the advice given as a result ‘of the 
preorganization survey has discouraged the organization of coopera- 
tives where the opportunities for success appeared to be remote. 

At present, approximately 930 farmers’ cooperatives are handling 
fruits (except nuts) and vegetables. These cooperatives serve some 
162,000 producers. It is estimated that the owners’ equities in these 
associations totaled $174,240,000, and their volume of business 
$776,000,000 in 1949. 

Assistance in the reorganization of fruit and vegetable coopera- 
tives.—The staff has been frequently called upon to review completely 
or in part the operations of a functioning cooperative. Such studies 
and the accompanying rec ommendations and on-the-ground service 
assistance have led in practically all cases to major or minor changes 
in form of organization or operations that have either improved 
services to farmer members or reduced operating costs. Examples of 
large-scale cooperatives for which this service has been performed 
are the California Fruit Exchange, Sacramento, Calif.; Michigan 
Potato Growers Exchange, Cadillac, Mich. ; and the American Na- 
tional Cooperative Exchange, 90 West Broadw ay, New York, N. Y. 
Studies of this kind are reported in several bulletins, circulars, and 
special reports of the Department and the Farm Credit Administra- 
tion. 

Accounting systems and assistance in accounting.—The systems of 
accounting for cooperative fruit associations that were issued in 1915 
and 1918 (Dep: urtment Bulletins 225 and 590) became, with modifica- 
tions in many cases, the basic system for cooperatives handling and 
shipping fruits and vegetables. At the time the first Department 
bulletin appeared, there were various accounting systems, none of 
which were designed with the special problems “of cooperatives in 
mind. These bulletins were wide y used, especially by local coopera- 
tives, in setting up or modifying their ace ounting records. A report 
for 1916 states ; that “about 50 concerns” were then using the Depart- 
ment’s system of records. Earlier, requests for assistance in establish- 
ing or modifying accounting systems were very common. With the 
development of accountants “familiar with cooperative procedure, re- 
quests of this nature are now at a minimum. 
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F. SOME ADDITIONAL WORK NEEDED 


An analysis of pooling practices of fruit and vegetable coopera- 
tives.—Cooperatives handling both fresh and processed products need 
additional information to assist them in devising the most satisfactory 
methods of pooling expenses and returns. Conditions vary with the 
various ‘dinite and types of operation. The length of the pooling 
period for different products, the handling of carry-overs of processed 
products, and the ascertaining of differentials in returns for grade, 
location, and other items that affect returns or costs are other factors 
on which additional information is needed. 

Operating costs—More detailed studies of the costs of packing, 
processing, and marketing fruits and vegetables are needed in order to 
determine more exactly the points at which savings can be made. 
Special operations should be examined in detail to obtain an exact 
measure of their costs in relation to general operating costs. 

Studies of the possibility of coordination of sales—The possibilities 
of further coordination of the sales of both fresh and processed prod- 
ucts as a means of increasing returns to producers require further 
study. A beginning has been made in the study of the coordination 
of the marketing of fresh and processed cranberries. As supplies 
become more plentiful and marketing difficulties increase, the interest 
in this question of farmers and their local and regional cooperatives 
is stimulated. Additional information is needed regarding the extent 
and type of coordination that may be practical under given circum- 
stances. 

Survey and analysis of the organization and operation of bargaining 
associations for fruit and vegetable growers—Associations of this 
type have been confined mainly to the sugar-beet cooperatives. How- 
ever, there are a few that have operated for several years in the sale 
of other fruits and vegetables to processors, and more information 
regarding possibilities and limitations of this type of cooperative is 
needed. The development of frozen orange concentrate has made the 
Florida citrus industry conscious of the need for some kind of bargain- 
ing association to deal with concentrators and other processors. 


MerrCHANDISING Propwuctrs PROCESSED BY HortTicu,TurRA.L COOPERATIVES 
(FCA—RM:c 84—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To examine the merchandising methods of cooperatives processing 
canned and frozen fruits and vegetables by means of a detailed anal- 
ysis of the sales records of selected associations. The current work is 
particularly concerned with the marketing practices employed during 
the 1948-49 and 1949-50 seasons with respect to distribution channels, 
methods of transportation, pricing policies, types of buyers, locations 
of markets, container sizes, commodity grades, brand policies, prices 
received, and discounts and allowances made. The methods employed 
during the two seasons under study will be carefully analyzed to ascer- 
tain (1) whether cooperative processors are selling their products in 
the size and type of markets providing greatest financial returns to 
producer members; (2) what channels of distribution could be more 
effectively used to secure greater efficiency and better returns; (3) 
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whether changes might be effected in transportation methods em- 
ployed to secure greater efficiency and reduced costs; (4) what price 
differentials exist between packers’ and buyers’ labels and whether 
such differentials might justify cooperatively sponsored marketing 
programs; and (5) A more effective policies with respect to 


container sizes and commodity grades in relation to type of buyer and 
location of market might be initiated. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Merchandising methods—RM: ¢ 84-1.—To study merchandising 
methods currently employed by cooperative associations marketing 
canned and frozen fruits and vegetables. To assist cooperatives in 
expending their markets and increasing their efficiency in the dis- 
tribution of canned and frozen products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on the marketing policies of processing cooperatives was 
initiated in 1937 when a comprehensive study was made of the methods 
used to increase demand by a large tree-nut marketing cooperative. 
In this study emphasis was placed on the value and effectiveness of the 
advertising, sales promotion, price policies, and distribution channels 
employed by the association. A similar study of the merchandising 
policies of a large dried-fruit marketing cooperative was made in 1939, 
A detailed analysis of the sales and distribution policies of 37 coopera- 
tive canneries during the 1938-39 season was completed in 1941. Con- 
ditions following World War II emphasized the desirability of resum- 
ing this work and reappraising the distribution methods and sales 
policies of cooperative processors. Additional work was done in 
studying the cooperative marketing of dried fruits and a publication 
covering the study was released in 1948. 


D. FUNDS—-ANNUAL EXPENDITURES 


It would be difficult to obtain estimates for the early research work 
done on marketing policies of processing cooperatives as it was 
financed from general funds covering research and service work for 
cooperatives. Under the current RMA project, funds were as follows: 
Expended in fiscal year 1948, approximately $13,000; 1949, $16,500; 
1950, $20,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Results of early research—Results of the work done in appraising 
the marketing policies and sales promotion of nut and dried-fruit 
marketing cooperatives were not only extremely beneficial to the 
associations studied, but the methods developed in these studies were 
regarded as important contributions in the field of marketing research. 

Marketing citrus juices.—The first part of the current RMA project 
was devoted to an analysis of the marketing of citrus fruit juices, in 
which cooperatives are of major importance, accounting for 30 percent 
of the United States production. Three publications released in the 
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study dealing with suggestions for improving the distribution of 
citrus juices were quoted widely in trade journals and were helpful to 
cooperative as well as private processors. 


F. SOME ADDITIONAL WORK NEEDED 


Effectiveness of merchandising methods.—More intensive work at 
wholesale and retail levels should be done to appraise the effectiveness 
of the merchandising methods employed by cooperatives and to study 
various aspects of consumer demand for the products processed by 
cooperatives. 


Meruops or HANDLING, TRANSPORTATION, AND STORAGE OF VEGETABLES 
(BPISAE—b-S-3—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 
To (1) develop means of evaluating maturity and (2) investigate 
methods of harvesting, handling, packing, precooling, storing, and 


transperting vegetables so as to deliver vegetables of the best quality 
and in prime condition to consumers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-8-3-1—Potatoes, sweetpotatoes, and other root crops; developing 
improved methods of handling and storage. ‘To determine the best 
temperatures and humidities for curing and storing to promote wound 


healing, reduce shrinkage, and prevent decay and sprouting. 

b-8-3-3—Transportation of potatoes, onions, tomatoes, and other 
vegetables. To determine the most desirable temperatures in transit 
to deliver sound, good quality vegetables to consumers, the best method 
of loading, and the most practical and economical protective services 
by which the most desirable temperatures can be maintained in the 
rail cars or motortrucks. 

b-8-3-4— Washing and waxing sweetpotatoes in relation to storage 
diseases and market quality. To determine the effectiveness of 
various wax preparations in reducing shrinkage, improving appear- 
ance, and reducing disease. 

b-8-3-6—Prevention or retardation of sprouting of potatoes; use 
of hormone-treated bags. To investigate methods of using various 
sprout inhibitors and determine their effectiveness under various con- 
ditions and their effect on quality of the potato. 

b-8-3-7—Effect of storage temperature on changes in composition 
of onions, with particular reference to dehydration. To develop 
methods and equipment for artificially curing and improving the 
storage and shipping of onions. 

b-8-3-10—Maturity, handling, packing, transportation, and ripen- 
ing of “green wrapped” tomatoes. To determine the effect of ma- 
turity and temperature on the ripening of “green wrapped” tomatoes 
and to develop methods of handling, packing, and transporting green 
tomatoes so they will arrive at the market in sound condition and be 
capable of ripening to good color and quality. 
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b-8-3-11—Packing and shipping carrots, turnips, and similar veg- 
etables. ‘To determine the effect of harvesting, packing, and shipping 
practices on changes in composition and quality. 

b-8-3-17—Testing different kinds of refrigerator cars for effec- 
tiveness in protecting shipments of vegetables moving under ventila- 
tion, refrigeration, and heater service. To determine the proper op- 
eration and effectiveness of different kinds of refrigerator cars for 
different kinds of vegetables and at different times of year. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Soon after the Bureau of Plant Industry was organized in 1901 
investigations were undertaken on methods of storing and shipping 
various vegetable crops. The problems of storing and shipping be- 
come more complex as large vegetable-growing areas aeveiael at 
long distances from the consumer markets and as the demand in- 
creased for a year-round supply of a large variety of fresh vegetables. 
Early work was concerned largely with refrigeration investigations 
in storage and in transit. Later attention has been given to study of 
improved harvesting and handling practices, washing and waxing, 
precooling by various methods, use of top and package ice, and de- 
velopment and testing of improved refrigerator car equipment. Re- 
cently, extensive investigations have been initiated on truck trans- 
portation problems. 

These have resulted in improved methods and development of 
equipment that now make it possible to supply the cities the year 
around. The practices now in use follow closely the recommenda- 
tions dovdewsll by this Bureau as given in publications on storage 
and refrigeration in transit. 


D. FUNDS—-ANNUAL EXPENDITURES 


Allotments ranged from about $5,000 to $12,000 from 1901 to 1920, 
$13,000 to $16,000 from 1921 to 1944. In 1945 they were increased 
to $27,000, and in 1949 and 1950 were $78,180 and $69,340, respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Improved appearance of potatoes——After studies showed that 
browning of new potatoes is caused by excessive drying of freshly 
skinned areas by exposure to wind and low humidity, a means of 
reducing this damage was developed by use of tightly woven sacks to 
protect from drying winds and by storing or transporting the = 
toes at a moderate temperature and relatively high humidity for a 
few days to accelerate healing of cuts or wounds. 

Reduced cost of refrigeration in transit —Transportation tests dem- 
onstrated that adequate refrigeration for California potatoes could 
be obtained even in June and July by using modified icing instead of 
standard refrigeration. Savings naiaenhel to $20 to $40 per car, or 
about $1,000,000 a year on the 30,000 cars of early potatoes. 

Improved sweetpotato storage.—Recent studies have demonstrated 
the importance of storing sweetpotatoes at 55° to 60° F., instead of 
50° to 55°. They also showed that varieties differ in their suscepti- 
bility to low temperature damage. 
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Precooling.—Extensive studies have been made on precooling by 
various cathode. such as refrigerated storage rooms, portable fans 
in ice bunkers of the cars, use of permanently installed fans under 
the floor racks and bunker ice, hydrocooling, portable precoolers, and 
vacuum cooling. Experiments with asparagus in cooperation with 
the California Agricultural Experiment Station demonstrated that 
modified transit refrigeration could be used safely for precooled cars 
at a saving at present freight rates of about $40 a car or an annual 
saving of about $110,000. Recent experiments indicate that by means 
of vacuum cooling it will be possible to cool leafy vegetables such as 
lettuce, cabbage, and spinach rapidly to about 32° F. and ship them 
without package or top ice. Not using package ice will eliminate 
the bulge and reduce bruising. Elimination of top ice will result in 
a substantial reduction in the freight rate. The importance of pre- 
cooling has been shown, and methods and equipment for precooling 
were tested and their relative effectiveness determined. 

Tomato ripening—Temperatures for ri pening green tomatoes to 
the best quality have been determined to be at 70° F. It has been 
shown that either too high or too low temperatures will interfere 
with normal ripening, but at 70° tomatoes that had not been exposed 
too long to unfavor: ble conditions ripened to good color and quality. 

Directions for commercial storage—Directions for commercial 
storage of vegetables based on research and commercial practices 
were published in Circular 278. This circular contains information 
on the optimum temperature and humidity for maximum storage life 
and quality, the freezing points of different kinds of vegetables and 
other factors. It has been recognized as a standard guide for the 
storage of vegetables. 

Improved handling and shipping of early potatoes—Information 
on how to handle and ship early potatoes to reduce losses and im- 
prove quality based largely on research under this project has been 
summarized in Circular 744. 

Top and package icing.—Investigations under this project proved 
that top and package ice were essential for good delivery of lettuce, 
cauliflower, and green corn. As a result of these tests refrigeration 
car lines now provide cars with waterproof insulation and floors to 
permit the successful use of this method of refrigeration. Research 
also demonstrated the importance of not using ice that is lower than 
31° F. for top icing to avoid freezing damage. 


F. SOME ADDITIONAL WORK NEEDED 


Most economical and effective protective service—Further re- 
search is needed on the use of modified refrigeration to determine if 
savings can be made by that means with additional commodities to 
those cited in “E” above. 

Equipment to furnish moderate temperatures in transit.—Further 
studies are needed to develop means of providing moderate tempera- 
tures in transit for such vegetables as cucumbers, sweetpotatoes, and 
tomatoes that are subject to chilling injury. 

Long-distance truck transportation—The growing use of trucks 
for long-distance transportation makes it desirable to ascertain the 
temperatures obtainable by various types of refrigerated truck equip- 
ment and the condition of vegetables transported by trucks. 
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Effect of waxing on different kinds of vegetables —There has been 
an increasing commercial use of wax to improve appearance and re- 
duce shrinkage of different kinds of vegetables. These waxes are of 

various composition and some contain fungicides and growth regula- 
tors. Research is needed to determine the actual beneficial or detri- 
mental effects of these treatments on various commodities. 

Vacuum cooling—Vacuum cooling is a new method of precooling 
that has come into commercial use in the last 2 years. Considerable 
research is needed to determine its advantages and limitations. Some 
experiments have already been run with commercial shipments and 
laboratory vacuum-cooling equipment is now being set up for fur- 
ther tests. 

Curing and storage of southern-grown Bermuda and Crystal Wax 
onions.—Preliminary experiments have been run on curing and stor- 
age of onions. Additional work is needed to determine the effect of 
growing conditions previous to harvest on storage quality and to 
develop practical means of curing the onions artifcilty. 

Improving flavor of “green w rapped” tomatoes. —Although con- 
siderable advances have been made in methods of ripening “green 
wrapped” tomatoes to an attractive color, the flavor is very inferior 
to that of vine-ripened fruit. Studies would be desirable to determine 
if the flavor could be improved by apa e in modified atmospheres or 
by other special ripening-room conditions or treatments. 


PREVENTION OF Decay AND SporLAGE IN TRANSPORTED FRurrs aNpD 
VEGETABLES 


(BPISAE—RM: a-45—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To conduct intensive investigation of stem-end rot of citrus fruit, 
bacterial soft rot of veget tables, blue mold rot and gray mold rot of 
apples and pears, and other diseases that cause greatest losses in 
commerce. 

Decay and spoilage of fresh fruits and vegetables while in transit 
and on ‘ala market cause enormous losses every year. Special atten- 
tion has been given in this work to the development of chemical treat- 
ments that will be practical to apply during the washing, grading, and 
packing processes to prevent infection and to eradicate any infections 
that may have already started. Attention also has been given to the 
effect of ventilation, type of package, refrigeration, and other factors 
on the development of decay 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—45-1—Control of decay in Florda citrus fruit. To test disin- 
fectant and antiseptic chemicals for control of stem-end rot and peni- 
cillium decays of citrus fruits and develop practical methods of apply- 
ing treatments found to be effective. 

a—45-2—Control of bacterial soft rot in vegetables. To isolate and 
identify bacterial species that cause soft rot of vegetables in storage, 
transit, and on the market; to determine the temperature relations ; 
and to develop chemical tre atments for the control of soft rot. 
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a—45-3—Control of storage rots of apples and pears shipped from 
the Pacific Northwest. To develop disinfectant treatment for the 


control of decay in apples, pears, and other fruits in the Pacific 
Northwest. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research work on the control of decay in transit and storage was 
started in this Bureau in 1908 by Powell and coworkers on California 
oranges (B. P. I. Bul. 123, 1908). Careful handling practices and 
good refrigeration were the important control measures stressed in 
the early work. Later, in 1924, a borax-washing treatment was de- 
veloped in Florida and adopted as a general practice in other citrus 
districts. Means of reducing loss from decay have been worked out 
for other fruits and aeuiien during the course of investigations 
that followed this early work. The present project was initiated 
in 1948. 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual allotments were $18,200 in 1948, and approximately $30,000 
in 1949 and 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Citrus decay control.—About 1,500 chemicals have been tested for 
the control of stem-end rot of citrus. A few have been found to con- 
trol this disease even after the fungus has invaded the stem end. 
Animal feeding tests by BAIC have showed that some of these ma- 
terials are toxic and should not be used. Others, however, appear to 
be safe and may be approved for commercial use when the animal- 
feeding tests are completed. Tests of other chemicals are being made 
to find the most effective and economical materials that will control 
citrus decay. 

Soft rot of vegetables.—Over 80 bacterial soft-rot isolations have 
been obtained from decaying vegetables. These organisms show 
wide differences in temperature relations in culture and in ability to 
cause decay. It has been shown that suberization and wound periderm 
formation render injured potatoes resistant to infection. 

Treatment of apples and pears in Pacific Northwest——A practical 
treatment for reducing decay in apples and pears by washing the fruit 
in a solution of sodium chlororthophenyl phenol was developed at 
Wenatchee, Wash. This treatment is in general commercial use now, 
and fruit men have estimated that it is worth about 25 cents a box to 
them, by greatly reducing decay and thereby lengthening storage life. 


F. SOME ADDITIONAL WORK NEEDED 


Further testing of chemicals is needed as they are introduced. The 
treatments developed to date are not effective against all of the com- 
mon types of decay, and some have the disadvantage of being irritat- 
ing to the workers. 

Effective fumigants need to be developed that can be applied to the 
produce in storage rooms or in the cars. 


78552—51—-vol. 2-20 
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Yietps AND ReL_atTIONsHiIps or Various GRADES oF ProcesseD FRUITS 
AND VrGeTABLes From Given Grapes or Raw MaArerIALs 


(PMA—OES—RM-c—445—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The work is designed to determine the grade and quantity of proc- 
essed fruits and vegetables that can be processed from given quantities 
and grades of the raw products; to determine the advantages to 
growers and canners of selling and purchasing fruits and vegetables 
for processing on the basis of United States grades as compared with 
purchasing fruits and vegetables on an ungraded basis; and to ascer- 
tain the nature of possible improvements in the United States grades 
for raw and processed fruits and vegetables in order to increase the 
usefulness of such grades. Current research under this project is 
being conducted on tomatoes. It is anticipated that studies will 
eventually be initiated on peas and corn for processing. 

The work is being conducted through cooperative arrangements 
with State agricultur al experiment stations in New York, Ohio, and 
Indiana. The work in the States is financed jointly by Federal and 
State funds, and in each instance the Federal funds have been mate hed 
by State funds. The tomato work in each of the three States origi- 
nally was set up in 1949 to run for a minimum of 3 years in three 
different tomato-growing areas to furnish data on the important 
varieties of canning crop ‘tomatoes produced under varying conditions 
of climate and soil. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM-c-—445-1—Relationship between United States raw tomato 
grades, yields, and quality of products manufactured from tomatoes— 
New York. Various grades of raw tomatoes are being processed into 

canned tomato juice to » show the effect of the grade of the raw product 
upon the yield and grade of tomato juice. This is carried on oust: 
out the season to show the effect of yarying growing conditions upon 
the grade of the raw product at different times during the season and 
the effect upon the grade of the processed product. 

RM-c-445-2— Effect of methods of handling canning factory toma- 
toes on the quality and quantity of manufactured pr oducts—Indiana. 
Various grades of raw tomatoes are being processed into canned toma- 
toes in a : pilot- plant operation to show the effect of the grade of the 

raw product upon the grade and yield of the canned tomatoes. Cost 
figures are being collected on cost of trimming and preparing the 
product for processing to evaluate any differences in costs of handling 
and processing the various grades of raw product. 

RM-c-445-3—Grades of processed fruits and vegetables related 
to grades for raw products—Ohio. Various grades of raw tomatoes 
ure being processed into canned tomatoes, -anned tomato juice, and 
canned tomato pulp at the Ohio State University pilot-plant to show 
the effect of the grade of the raw product upon the yield and grade 
of the processed “produc ts. This work is continued ‘throughout the 
growing season to show changes in quality during the season. In 
addition, data are being t taken on the quantities and grades of raw 
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tomatoes processed into tomato juice at a commercial canning plant 
in Ohio, to determine the relative costs of processing the various 
grades of tomatoes in conjunction with the yield and grade of canned 
tomato juice processed from the various grades of raw product. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The U.S. Standards for Grades of Canning Tomatoes and the U. 8. 
Standards for Grades of Tomatoes for Manufacture of Strained To- 
mato Froducts have been widely used by both canners and growers 
since their issuance approximately 20 years ago. Likewise, the U. S. 
Standards for Grades of Canned Tomatoes, Tomato Juice, and Tomato 
Puree and Pulp have been used extensively by canners and distributors 
of processed foods. A very limited amount of research has been de- 
voted to the relationship of the yield, in cases per ton, and the grade 
of canned tomatoes and tomato products that may be packed from 
given quantities and grades of the fresh product. Growers and proc- 
essors, as well as officials of this Department, have felt for some time 
that accurate data should be developed through research to show the 


relationship between the grades of fresh and processed tomatoes and 
tomato products. 


D. FUNDS—-AN NUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 


OES | Total 
. | 


-_ - _ — _ —— | 


1949 ; ; Latta : $9, 300 | $6, 500 | $15, 800 
1950 egies 3 12, 500 | 20, 000 32, 500 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Relationship between grade of raw product and grade and yield of 
finished product—Preliminary results based on observations and data 
for one growing season indicate a direct relationship between the 
grade of the raw product and the grade and yield of the finished prod- 
uct. Conananenitay: a larger percentage of loss may be expected in 
processing the lower grades of raw material. 

Tomato color—Color was found to be the most important factor in 
determining the grade of raw tomatoes for processing and the grade 
of canned tomatoes, tomato juice, and tomato puree. The first year’s 
study of the grade-relationship problem has shown the importance of 
an objective method for determining color of both the raw and canned 
products. Therefore, an instrument will be employed to measure color 
objectively and an attempt will be made to relate this color measure- 
ment to present grading methods for color, which are now made by 
means of the human eye. Should an objective means for determining 
color be developed that could be applied in present grading practices 
much of the human error in grading of raw and processed tomatoes 
and tomato products could be eliminated. 
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F, SOME ADDITIONAL WORK NEEDED 


Data for 3 years needed.—It is important to develop basic data for 
each commodity over a period of at least 3 years to obtain authentic 
results on which to base conclusions. It would be desirable to extend 
the work for a longer time. However, it is anticipated that this coop- 
erative research project on tomatoes may be concluded at the end of 
the 3-year period with sufficient interest created on the part of grow- 
ers, canners, and State experiment stations to continue various phases 
of this work. This influence is evident already in that the canners 
association of New Jersey, in conjunction with the New Jersey Agri- 
cultural Experiment Station, has initiated a similar project in that 
State in 1950. 

Work on other commodities desired —Similar work on such addi- 
tional commodities as peas, sweet corn, and some of the fruits for 
processing is urgently needed. 


CROSS REFERENCES——-MARKETING 


For additional information especially pertinent to subjects reported 
on in this chapter see also: 


BAE—A-2-5 and RM: c-382, Chapter 27, consumption of canned fruits and vege- 
tables. ’ 

BAE—A-2-16.1 to 24.1, Chapter 26, research and analysis for serving current 
requests on vegetable marketing. 

BAE—PMA, OES—RM: c-29, Chapter 32, economic studies of processing peas 
and sweet corn in Wisconsin; New York City local market vegetable supplies ; 
vegetable seed production and stocks. 

BAE—RM: c-168—Chapter 19, transportation costs. 

BAE—RM.: c-205 and A—2-16, Chapter 26, marketing practices. 

BAE—RM: a-—417, Chapter 26, market outlets for products from sweetpotatoes 
and vegetable proteins. 

BAE—PMA, OES, BHNHE, BAIC, BDI, BPISAE, BEPQ—RM: a-c-518, Chap- 
ter 26, technological changes affecting marketing and utilization. 

BAE, Chapter 32, reports on crops estimates. 

BAIC, RM: a—421, Chapter 19, temperature requirements of frozen foods. 

BPISARE, b-S—4, Chapter 13, market disease of fruits and vegetables. 

BPISAE—e—2-3, Chapter 30, storage structures and equipment. 

BPISAE—e-34, Chapter 30, farmers cooperative fruit and vegetable freezing 
plants. 

BPISAE—RM: c—52, Chapter 20, refrigeration. 

I:PISAE—RM : c—217, Chapter 36, improved processing facilities. 

BPISAE—RM: c—294, Chapter 37, bibliography. 

BPISAE—RM.: c-413, Chapter 20, storage of vegetables. 

BPISAE—BAI, OES, PMA, FCA RM: ec-415, Chapter 5, methods, equipment, 
and structures for conditioning of grain, seeds, and feeds. 

EXT.—RM: c-—95, Chapter 37, vegetable marketing. 

EXT., Chapter 37, educational work in marketing sweetpotatoes, sweet corn, and 
other vegetables. 

EXT.—RM : c—96, Chapter 37, consumer education. 

EXT.—RM: c-98, Chapter 37, new market information and basic data. 

OES, Chapter 39, research at State experiment stations. 

OES—FCA—RM : c—558, Chapter 26, operating efficiency of agricultural market- 
ing cooperatives. 

PMA—FCA, OES—RM : a-c—44, Chapter 36, prepackaging of horticultural crops. 

PMA—FCA—RM: c-75, Chapter 36, market facilities, organization and equip- 
ment. 

PMA—RM: c-85, Chapter 34, grades and standards of processed vegetables. 

PMA—RM : c—86, Chapter 36, expanding market outlets, etc. 

PMA—RM: c-—106, Chapter 36, improving distribution methods and practices. 

PMA—BAE—RM: c-—133, Chapter 34, adequacy of grades and standards. 
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V?MA—RM : c-167, Chapter 19, improved packaging materials and loading meth- 
ods. 

PMA—RM_: c-286, Chapter 19, standards for containers. 

?MA—RM : ¢-387, Chapter 34, consumer grades. 

PMA—RM: c-430—431, 482, Chapter 36, marketing service programs. 

PMA, Chapter 34, development of grades and standards for fresh fruits, fresh 
vegetables, nuts, and miscellaneous products. 

PMA, Chapter 19, freight rates for farm products. 

PMA, Chapter 13, improving marketing methods and distribution of fruits and 
vegetables. 

PMA, Chapter 34, inspection of fresh fruits and vegetables. 

PMA, Chapter 35, marketing regulatory acts applicable to fruits and vegetables. 

PMA, Chapter 36, obtaining adequate marketing, storage, and transportation 
facilities. 

PMA, Chapter 34, processed fruit and vegetable inspection. 

MA, Chapter 33, marketing news service on fruits and vegetables. 

PMA—RM: c-448, Chapter 33, market information on frozen foods. 

PMA—RM: c-55, Chapter 33, improving wholesale market news. 

PMA—RM: c—157, Chapter 33, developing retail market news. 

PMA—RM : c-203, Chapter 19, improving transportation of farm products. 

PMA—RM : c—441, Chapter 19, obtaining equitable and reasonable rates. 

PMA, Chapter 35, administration of United States Warehouse Act. 








POTATOES 
Chapter 15—Part II 


Foreworp 


This chapter consists chiefly of reports on research work with pota- 
toes (excluding sweetpotatoes) classified under the three broad divi- 
sions of production, utilization, and marketing. Under production 
are placed the reports dealing with cultural practices, breeding or 
improvement, disease and insect control; under utilization those con- 
cerned with fundamental studies as well as those designed to develop 
new and expanded uses as human food, for industrial purposes, or 
for livestock feed; under marketing those concerned with consumer 
preferences and physical and economic studies in marketing channels 
by Federal and State agencies. 

Cross references are given at the end of each of the three divisions, 
as indicated in the table of contents. They point out sources of other 
information in Part II directly concerned with potatoes, or which is 
of possible value to those interested in the crop. These references 
provide the basis for a more comprehensive picture of the Depart- 
ment’s work on potatoes. 
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A. PRODUCTION 

Porato PropuctTion 
(BPISAE—b-—5-1—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To develop methods to obtain high yields of high-quality potatoes 
at a minimum cost per unit. The current work is concerned particu- 
larly with the best cultural practices for the new varieties, fertilizer 
practices, keeping in mind economy of production, maintaining varie- 
ties free from disease, vine-killing methods that will check disease late 
in the season and prevent tuber discoloration, nutritional studies in 
relation to disease susceptibility, and a detailed study of varietal char- 
acteristics to keep up-to-date publications on synonyms and variety 
classification. 

B. CURRENTLY ACTIVE LINE PROJECTS 


b—5-1-2—Effect of spacing and pulling of vines on yield of tubers 
suitable for use as whole seed. To determine proper spacing of differ- 
ent varieties and best time to pull vines to obtain highest yield of 
medium-size (2-ounce) potatoes for planting as whole seed. 

b-5-1-3—Study of American potato varieties to determine princi- 
pal or distinguishing characters, determine synonyms, and devise a 
system of classification. To study distinguishing characteristics of 
old and new potato varieties so they can be fitted into a descriptive key 
and readily identified by commercial potato handlers and technical 
workers. 

b—5-1-5—Effect of DDT on the growth, yield, and disease content 
of different varieties of potatoes; compatibility with different spray 
materials. To study effect of DDT on growth and yield of different 
varieties of potatoes when used alone or in combination with various 
fungicides. 

b-5-1-7—Production of whole potato seed. To study the effect of 
Thiourea and other chemicals when used on planting material (sets) ; 
object is to get a larger set of medium-size cabebe per plant, for plant- 
ing whole. 

»-5-1-8—Selecting and maintaining tuber lines free from X virus. 
To maintain the new potato varieties introduced by the Department 
of Agriculture and cooperating agencies free from X virus. This 
virus is a component of mild mosaic and rugose mosaic, both of which 
are destructive potato diseases. 

b-5—1-10—Influence of irrigation on potato production and related 
fertilizer practices in the Northeast. To determine best fertilizer 
practice when the natural rainfall is supplemented by use of overhead 
irrigation. 
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b-5-1-11—Nutrition of potatoes in relation to production. A study 
of nutrition in relation to other factors with a view to obtaining the 
maximum net returns beyond cost of production. 

b-5-1-12—Nutrition of potatoes in relation to disease susceptibility. 
To determine if any particular nutrient element or combination of 
elements tends to make the potato plant more susceptible or more 
resistant to certain diseases. 

b-5-1-13—Nutrition of potatoes and other factors in relation to 
quality. To determine the factor or factors that cause or predispose 
potatoes to off-quality conditions, such as internal black spot and 
blackening after cooking. 


C., HISTORY AND EVOLUTION OF THIS WORK 


Production studies with potatoes were initiated in the early 1900’s. 
The early studies had a great deal to do with the development of cer- 
tified seed, preceding our present certified seed industry, which is now 
in use practically everywhere and is chiefly under State jurisdiction. 
Certified seed must get much of the credit for the gradual increase in 
yield per acre. Other early studies were concerned with breaking the 
rest period by seed treatment, spacing, size of seed piece, etc. More 
recently, studies have been initiated to determine the effect of DDT in 
combination with various fungicides on plant growth and yield of 
potatoes; also the effect of DDT on the amount of virus disease trans- 
mitted by insects. DDT is now used practically everywhere in potato 
sprays and dusts. Because of increased effectiveness of sprays and 
dusts, potato plants mature too late, vines interfere with digging, and 
tubers skin badly. To offset this late maturity, vine-killing studies 
were commenced. A continuing and important project throughout 
the years has been a study of the distinguishing characteristics of 
potato varieties for classification purposes. 


D. FUNDS-—-ANNUAL EXPENDITURES 


It is impossible to get a good estimate of the funds spent for potato- 
production studies before 1929, because they were not separated from 
other potato investigations. In 1929 about $24,000 was spent for 
potato-production investigations. From 1930 to 1933, inclusive, the 
annual allotments ranged between $31,000 and $35,000; 1934 and 1945, 
about $26,000; 1946 to 1948, inclusive, between $30,000 and $35,000. 
In 1949 the potato-nutrition work was included in production, so this 
increased the amount to about $57,950, and in 1950 the allotment was 
$57,100. 


E., EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Leadership in promoting effective potato-seed certification by the 
States —The amount of certified seed produced in the United States 
in 1949 was over 48,000,000 bushels. A number of factors are respon- 
sible for the tremendous increase in yield per acre during the last 30 
years, but the initiation and increase in potato-seed certification has 
been one of the most important of these. While seed certification is 
now under supervision of State agencies, the initial impetus given this 
work was largely Federal. 
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Demonstration that certified seed grown under irrigation was as 
good as that grown under natural rainfall—Until this accomplish- 
ment there was considerable prejudice against seed potatoes grown 
under irrigation. 

Re medy for seed-piece rots —Formerly, poor stands were obtained 
because of seed-piece rots. Tests showed that when freshly cut seed 
pieces were exposed to seed-corn maggot, high light intensity, cold 
soil, ete., considerable rot took place. This was remedied by proper 
methods of suberization or healing the cut surface before planting. 

Technique developed for growing potatoes in solution culture under 
controlled conditions.—This recent development permits a more criti- 
cal study of the effect of various nutrients upon plant growth and 
their influence on suse eptibility or resistance to various plant cliseases. 

Study of the distinguishing characteristics of potato varieties —The 
results of this continued service are published from time to time and 
give the trade a reliable method of identifying potato varieties. 

Color and vitamin C improved.—A recent finding is that a very 
small quantity of 2,4-D applied to growing potato ‘plants 3 improves 


the color of varieties with red tubers and . increases the vitamin C 
content. 


F. SOME ADDITIONAL WORK NEEDED 


Research is needed to improve potato quality. In certain regions 
this improvement may be brought about by a better system of crop 
rotation. Many tuber dise olorations and other defects, which occur 
before or after cooking, might be remedied by different fertilizer or 
cultural practices. 

Methods need to be developed to determine the exact time to kill 
ae vines to prevent tuber discoloration. 

A detailed study of potato varieties for classification purposes 
should be continued as a service to the industry. 


Farmine ALTERNATIVES IN Masor Competine Poraro AREAS 
(BAE—RM: b-237—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To find out what different types of farming x adjustments will help 
potato growers increase or maintain their incomes in the face of in- 
creasing competition from other potato growers. The current work 
is particularly concerned with what alternative crop and livestock 
enterprises may be profitable for growers forced out of potato produc- 
tion by competition. It is also paying some attention to the possibility 
of reducing costs, per bushel, for producing potatoes. 


B. CURRENTLY ACTIVE PROJECTS 


Farming alternatives in two selected early potato areas, the 
Eastern Shore of Maryland and Virginia, and Kern County, 
Calif. To study alternative farming adjustments in these two com- 
peting areas and to appraise the problems involved in shifting to more 
profitable farming systems. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Many potato growers, particularly in some of the areas that have 
produced potatoes for many years, are being forced out of potato 
procenen because of three things: (1) The American people are 

eating fewer and fewer potatoes, per person; (2) improved methods 
of growing potatoes have greatly increased yields per acre, and re- 
duced prices received by the gro ‘ers; (3) newer areas have been able 
to capture an increasing part of tne market from older areas, by pro- 
ducing potatoes at a lower cost and selling them at a lower price. The 
Eastern Shore and Kern County, Calif., were selected for special 
study because they represent areas with opposite trends. Produc- 
tion has been decreasing on the Eastern Shore and increasing in Kern 
County. The studies were initiated in the fiscal year 1948. 


D. FUNDS-——-ANNUAL EXPENDITURES 


Expenditures were $12,700 in fiscal 1950 and about the same in 1949. 
Only $2,100 was spent in 1948, as the project was begun near the close 
of the fiscal year. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The studies have shown the most profitable alternatives to potato 
production on the Eastern Shore of Maryland to be other vegetable 
crops, and, in part of the area, production of poultry and dairy prod- 
ucts. The studies also indicate the types of soil and of farm organi- 
zation and management needed for each of these alternatives to suc- 
ceed. Some potato growers can still reduce their production costs or 


increase their prices received per bushel by adopting improved 
methods of producing, harvesting, and marketing their potatoes. 

The studies show how potato growers in Kern County, Calif., can 
improve their incomes by making certain adjustments between pota- 
toes, cotton, alfalfa, and minor ‘crops—and, eventually, by growing 
more livestock. 


F, SOME ADDITIONAL WORK NEEDED 


Discovery of the most profitable alternatives in selected late potato 
areas.—In some of the specialized late potato areas such as Aroostook 
County, Maine, either there are few other products that farmers can 
produce, or it costs too much to make the eget easily. Research is 
urgently needed to find the most. profitable alternatives as well as the 
most economical ways in which farmers can make the necessary changes 
in their farm organization to adopt those alternatives. 


Porato BreepInG 
(BPISABE—b-—5-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop superior varieties of potatoes. The old potato varieties, 
such as Green Mountain and White Rose, were bred in the last half 
of the nineteenth century. ‘These varieties yield well and produce 
potatoes with good cooking quality if they can be kept free from 
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disease. All of them are susceptible to many diseases—late blight, 
scab, and the many “running-out” or virus ‘diseases, such as mild 
mosaic, rugose mosaic, veinbanding, leafroll, net necrosis, and yellow 
dwarf. In all, more than 70 diseases and insect pests attack the grow- 
ing crop, and many millions of dollars are spent each year in pro- 
tective measures. Sprays and spray equipment have been greatly 
improved, and new insecticides such as DDT and parathion have been 
found, but in spite of the large investments in labor, equipment, and 
chemicals, heavy losses occur each year. The most effective method 
of reducing the high cost of production and the losses from diseases 
and insect attacks has been the bre eding of disease-resistant varieties. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-5-2-1—Breeding potatoes for better market and culinary quality 
and for adaptability to various environmental conditions. No one 
variety is adapted to all sections of the United States, so tests of new 

varieties and selected seedlings are made over a wide range of condi- 
tions. 

b-5-2-2—Breeding potatoes for the South, which are resistant to 
insects and diseases and especially adapted to the requirements of the 

arly southern potato crop. Conditions under which the potato crop 
is grown in the South are very different from those in the North. An 
effort is being made to produce varieties better adapted to southern 
conditions and resistant to the disease and insect pests that add greatly 
to the cost of production. 

b-5-2-3—Breeding potatoes for resistance to insects and diseases 
to reduce the amount of labor and critical chemicals needed in the 
production of the crop. Diseases and insects cost the growers mil- 
lions of dollars in labor and chemicals for protection of the growing 
crop, and in ne = such expenditures millions of bushels of potatoes 


are lost every year. Varieties are being produced that will cut these 
costs and losses. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Development of improved potato varieties was initiated about 1910. 
In 1929 the project was reorganized as the national potato-breeding 
program, the United States “Department of Agriculture and State 
experiment stations cooperating. Since 1930 attention has continued 


on market and cooking quality, but more emphasis has been given to 
breeding for disease resistance. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The allotment ia to 1915 was merged with other funds in Arling- 


ton Farm expenditures but is estimated at less than $10,000 annually. 
From 1915 through 1930 annual allotments were about $20,000. Be- 
tween 1930 and 1940 allotments averaged $24,000. Since then, funds 
have been increased and in 1950 totaled $93,250. 
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E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The new varieties Katahdin, Chippewa, and Sebago which are im- 
mune from net necrosis have made it possible to continue potate pro- 
duction in certain of the best potato-growing ‘sections of Maine’ where 
the disease has made it unprofitable to grow Green Mountain. About 
90 percent of the Maine production is now in these varieties. 

The resistance of Sebago to yellow dwarf has been of great value to 
parts of New York State and Wisconsin. 

The scab-resistant varieties Ontario and Menominee have made pos- 
sible the production of marketable potatoes on some of the scab- 
infested lands in New York, Michigan, and Wisconsin. 

At present, after nearly 100 years of work, success in breeding blight- 
ammune potato varieties seems assured.—Ever since the years of severe 
epidemics, one of which caused the Irish famine in 1845, almost con- 
tinuous research has been carried on to develop resistant varieties. 
The highest degree of resistance has been found in Solanum demissum, 
a wild species brought in from Mexico. It is distantly related to the 
cultivated potato. Varieties have been produced combining the re- 
sistance of this wild species with the economic characters of com- 
mercial varieties. Asa result of this work, a number of varieties have 
been distributed to growers that will produce a crop without the neces- 
sity of spraying with fungicides. These varieties will save growers 
untold labor and expense. One of these, the Kennebec, is immune to 
the common forms of late blight. It has wide adaptation. Excellent 
yields have been reported, the only complaint being that the potatoes 
grow too large; but the size can be controlled by closer planting or by 
using less fertilizer. The quality, as grown in Maine, is good to ex- 
cellent for baking, boiling, and frying, or for making chips. 

A number of varieties have been produced that are resistant to both 
scab and late blight.—One of these is being given final tests in Maine, 
Minnesota, North Dakota, Iowa, and Indiana, and will probably be 
released to growers next year. 

Some of the more recent selections are resistant to mild mosaic, 
rugose mosaic, scab, and late blight.—As has been indicated, the varie- 
ties produced under this program have already saved the industry 
in some sections of the country. It is estimated that they have been 
worth more than $25,000,000 to Maine alone. 

Varieties have been produced that are highly resistant, if not im- 
mune, to ring rot.—A few years ago this disease threatened the whole 
potato industry. One highly resistant variety has been released and is 
helping to solve the ring rot problem in Pennsylvania. It has good 
market and cooking quality and produces high yields. 

Research in Ohio indicates that varieties can be produced that are 
resistant or immune to hopperburn.—Millions of dollars are spent 
every year in the Middle West to protect the potato crop from injury 
by leafhoppers and flea beetles. One variety, Sequoia, which is highly 
resistant to hopperburn, has been distributed to growers and has been 
especially valuable in western North Carolina ‘and the Cumberland 
Plateau of Tennessee. 

Thirty-four varieties developed in this project were on the certified 
seed potato lists in 1949, representing about 54 percent of the total 
seed certified. It is difficult to estimate the value of these new varie- 
ties but they have been worth many millions of dollars to growers. 


— er ee ee ee ete ee 
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F. SOME ADDITIONAL WORK NEEDED 


Varieties that are high yielding, early, and resistant to scab and 
late blight are needed for the Middle West. 

Varieties resistant to leaf roll and verticillium wilt, or die-early, 
are needed in Idaho, Washington, and Oregon. These diseases are 
now a distinct threat to the Russet Burbank, the high-quality variety 
produced in these States. 

Early varieties resistant to late blight, early blight, scab, and brown 
rot are needed for the South. 

Varieties resistant to late blight and black spot are needed for Long 
Island. 

Varieties resistant to late blight, leaf roll, and ring rot are needed 
in the Northeast. 

Parental material necessary for production of such improved varie- 
ties is available, and experience indicates that all these objectives can 
be met. 


Porato Disrases 
(BPISAE—b-—5-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To reduce potato losses resulting from potato diseases. The current 
work is chiefly concerned with the 1 recognition and selection of seedling 
potato plants ‘that are resistant or immune to diseases caused by viruses, 
fungi, and bacteria, and the testing of breeding lines of potatoes for 
resistance to various diseases, such as late blight, scab, black leg, and 
viruses X, A, and Y. Included i in the disease work are studies of the 
life history of disease organisms, methods of spreading, and conditions 
influencing infection. A study is being made of the antagonistic effect 
of various organisms found in the soil in relation to the organism that 
causes potato y scab. Artificial epidemics of late blight are created in 
field plots and in incubation chambers in tests for resistance. Pure 
cultures of viruses are maintained on growing plants under cages. 
Studies are made of insect vectors in relation to virus diseases. Early 
harvesting of vines and use of vine killers are being studied in relation 
to disease control. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b—5—3—-1—Nature of disease resistance in potatoes, including testing 
potatoes for resistance to virus, bacterial, fungus, and phy siological 
diseases. To isolate plants resistant to ‘various diseases by use of 
grafts, insect vectors, and artificial or natural infection. 

b—5-3-2—Virus, bacterial, fungus, and nonparasitic diseases, their 
causes and control. To determine cause of dise: ase, means of spread, 
conditions influencing infection, and methods of control. 

b-5-3-3—Potato ring rot—studies on field identification, storage, 
and disinfection. To determine methods of control and influence of 
environmental conditions on tuber suspectibility. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Potato-disease studies were initiated in the early 1900’s. The early 
work consisted chiefly of the identification of various organisms caus- 
ing potato diseases, life-history studies, and methods of spreading and 
control. The so-called degeneration of potatoes was causing enor- 
mous losses and required special attention. Research was instrumen- 
tal in showing that this degeneration was due to several specific viruses, 
which throughout the subsequent years have been isolated and their 
characteristics studied. Methods of dissemination have been discov- 
ered and control methods have been developed for most of them. 
Methods of immunization against some of these viruses are being 
investigated. More recently research has been started on the antago- 
nistic effect of certain soil organisms upon parasitic diseases such as 
scab. Most effort at present is given to testing breeding lines for 
resistance to various diseases and the development of testing tech- 
niques. 

D, FUNDS—ANNUAL EXPENDITURES 

Prior to 1915 funds for this work were included with all vegetable- 
disease work. In 1915 the allotment was $2,815, increasing to about 
$30,000 in 1925. ‘They remained at this level until the mid-thirties, 


dropped to about $23,000, then increased to $44,240 in 1947. The 
allotment in 1950 was $35,770. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The discovery that potato degeneration was caused by a number of 


specific viruses Was an early outstanding contribution in potato pathol- 
ogy. Practically all these viruses have been isolated and their char- 
acteristics and methods of spreading studied. This work was basic 
in developing an effective seed-certification program with potatoes. 
In the North, especially in Maine, methods of early harvesting and 
killing of vines have been developed whereby it is possible to prevent 
the infection of tubers with viruses. 

The discovery of seedling 41956, which is immune from the X virus, 
represents a notable contribution. ‘This virus is a component of mild 
mosaic and also of rugose mosaic, and to date seedling 41956 has shown 
immunity from all strains of the X virus. This immunity is being 
incorporated into the new varieties, and in time all new introductions 
will be immune from X virus. 

Recent studies have shown that the early infestations of late blight 
usually start from potato cull piles—By destroying the cull piles the 
early infestation of potato fields wrth late blight can be prevented. 

The isolation, purification, classification, and determination of 
method of transmission of potato-virus diseases by insect vectors and 
other means are of great value in the potato-breeding program and 
in methods of control used in potato-seed certification. Important 
studies have been made on other potato diseases, such as late blight, 
early blight, scab, rhizoctonia, etc. ‘These involve life-history denies. 
method of dissemination, and temperature and moisture relationships. 
These fundamental studies are necessary in order to develop contro! 
programs by use of sprays, dusts, dips, isolation, sanitation, steriliza- 
tion, ete. 
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Practically all the known viruses and strains of viruses have been 
isolated and are kept in pure culture on living plants for use by potato 
pathologists throughout the world. When a supposedly new virus is 
found, regardless of location, it can be compared with present cultures 
to determine if it is really something new. This reservoir of known 
virus material is of great value to potato pathologists everywhere. 


F. SOME ADDITIONAL WORK NEEDED 


Determining the nature of resistance to diseases —We need to know 
why certain plants are resistant to certai ndiseases. This will require 
fundamental studies. 

Development of biological controls for diseases.—Studies should be 
expanded on the nature of antogonism between organisms with the ob- 
jective of finding biological controls much more satisfactory and less 
costly than those now being used. 


Poratro Insect INVESTIGATIONS 
(BEPQ—I-—d-5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The main objective is to develop measures for the control of serious 
insect pests that directly or indirectly damage potatoes. It is esti- 
mated that the various insects attacking potatoes reduce yields by more 
than 30 percent. The current work is particularly concerned with 
the development of the most effective and economical insecticide treat- 
ment for the control of aphids on potatoes in the northern and north- 
western States. Special attention is given to aphid control as a means 
of reducing leafroll disease of potatoes. The biological aspect of the 
aphid-leafroll problem is being given especial consideration as a 
measure toward the effective use of insecticides. Work is also under 
way to obtain information on the habits and control of flea beetles on 
potatoes in Washington State as an aid to more effective control, and 
to eliminate or reduce the build- up of aphid or red spider infesta- 
tions which oftentimes results from applications of some insecticides. 
Other studies are being made to determine the breeding areas and host 
plants of the potato psyllid as a source of infestations to potatoes. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-~d-5-1—Insecticide control of aphids affecting potatoes. To de- 
velop, under conditions existing in the East and in the Pacific North- 
west, a schedule of insecticidal control of aphids that are carriers of 
leafroll disease on potatoes. 

I-d-5-2—Wild and cultivated host plants as sources of aphid in- 
festations on potatoes. To determine the importance of various species 
of weeds and of varieties of potatoes as overwintering or summer hosts 
of aphids which attack potatoes with special reference to information 
needed to devise aphid control measures 

I-d-5-3—F light habits and other fac tors influencing aphid spread. 
To determine the flight habits of aphids attacking potatoes, and the 
effect of parasites and other natural enemies on aphid populations, with 
special reference to information needed to control the aphids. 


78552—51—vol. 2-21 
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I-d—5-4—Winter carry-over host plants of aphids which infest po- 
tatoes. To determine the identity, abundance, and distribution of the 
overwintering host plants of the species of aphids attacking potatoes 
in Maine, with special reference to information needed to control the 
aphids. 

I-d-5-5—Control of flea beetles attacking potatoes. To develop 
an effective schedule of insecticide applications for the control of the 
tuber flea beetle on potatoes without adversely affecting the yield of 
the crop or creating conditions that result in the development of de- 
structive numbers of aphids. 

I-d-5-6—Biology of flea beetles affecting potatoes. To obtain in- 
formation on the habits of flea beetles damaging potatoes that is 
needed for the application of the most effective control measures. 

I-d-5-7—Potato psyllid infestations and their relation to control 
operations. To obtain information on the habits and breeding areas 
of the potato psyllid in the intermountain region is needed as a basis 
for the effective application of insecticides to control this pest on 
potatoes and tomatoes. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The common a of potatoes are the Colorado potato beetle, flea 
beetle, potato tuberworm, leafhopper, and aphids. Work on the con- 


trol of insects affecting potatoes was started soon after 1860 when the 
Colorado potato beetle began invasion of potato fields in the West. It 
threatened the profitable production of the potato crop throughout the 
Nation. With the advance of the pest eastward it was discovered that 
paris green would kill it. During the next 75 years paris green, lead 


arsenate, or other arsenicals were used successfully to protect the 
potato crop. It was found recently in connection with work on other 
potato insects that cryolite and insecticides containing rotenone or 
DDT are also effective against this insect. 

The potato tuberworm is a leaf miner on the foliage of potatoes and 
feeds in the tubers exposed in cracks in the soil. Stored potatoes are 
often infested. An investigation of this pest was made in California 
in 1913-17 and a bulletin issued on the results of the study. 

During the period 1919 to 1925 work was pursued on the potato leaf- 
hopper, a sucking insect and a serious pest of potato, which migrates 
from the South to infest and damage the northern potato crop. It 
transmits a plant disease condition known as “hopperburn,” which 
shortens the life of the crop and reduces yields. 

The seed-corn maggot is a pest of potato seed during wet, cool seasons 
on the eastern Coastal’Plain area. An investigation of the problem 
was conducted from 1925 to 1933. Lack of healing of the cut tubers 
after planting attracted the maggot. Their feeding honeycombed the 
seed pieces. This feeding, accompanied by rots, prevents the seed 
piece from sprouting. 

Several species of aphids, or plant lice, are serious pests of potatoes 
sporadically, and as carriers of plant diseases. Aphids obtain their 
food by sucking the plant juices and during this feeding carry disease 
organisms from plant to plant. In the late 1930’s an outbreak of the 
green peach aphid on potatoes in Maine caused leafroll to become 
prevalent in plantings of seed and table stocks. In 1941 the serious 
losses caused by aphids and leafroll disease led to the establishment 
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of a research project on the problem in Maine the following year. The 
situation at that time was especially critical because nearly 85 percent 
of the potatoes used for seed in the East and South were produced in 
Maine. On the basis of 1944 crop values it was estimated that the sev- 
eral species of aphids on potatoes caused directly or indirectly an 
anual loss of $66,000,000 in the Northern States. This current work, 
which is carried on with the active participation of State workers, was 
divided into three general subjects: Biology, insecticidal control on 
table stock, and control of aphids on seed stocks. Severe damage by 
aphids and leafroll disease also developed in the State of Washington 
awe about 1938. 

‘lea beetles are serious annual pests of potatoes. The potato flea 
beetle of the Eastern States feeds principally on the potato foliage. 
The grub attacks the tubers causing scar tissue on the surface of 
potatoes, which reduces grade and affords access for tuber diseases. 
The losses in Washington and Oregon from the tuber flea beetle became 
so great that there was a demand for an investigation of this pest, 
supported by State officials of Washington State, and in 1941 a labora- 
tory was set up at Union Gap, Wash., to study the problem. 

The potato psyllid obtains its food by sucking the plant juices. Dur- 
ing feeding it transmits a disease known as psyllid yellows to potatoes 
and tomatoes. In 1938 it was estmated that this insect caused a 
loss of 1,000,000 bushels of potatoes in Nebraska alone. Upon request 
of the potato growers, research on this problem was started in 1939 
as a cooperative undertaking with State authorities. Department work 
has been devoted to the biological phases of the problem as an aid to 
control operations. 

Research on the above-described problems has led to a general adop- 
tion of DDT sprays, dusts, and emulsions by potato growers for the 
control of insects attacking the potato crop in the United States. 


D. FUNDS--ANNUAL EXPENDITURES 


Annual expenditures averaged about $3,000 from 1913 to 1932. The 
project was inactive from 1933 to 1939. About $6,000 was spent in 1940, 
During the following 5 years the annual expenditure averaged approxi- 
mately $18,000, and during the last 5 years, $38,000. Expenditures in 
1950 were approximately $43,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


“Hopperburn” control value demonstrated.—Early work on the con- 
trol of the potato leafhopper showed that potatoes sprayed with 
bordeaux mixture or a copper-lime-nicotine dust mixture yielded as 
high as 90 bushels per acre over untreated acreage. 

Seed-corn maggot injury to potato seed pieces prevented by planting 
prehealed potato seed pieces.—Studies on the feeding habits of the 
seed-corn maggot showed that the maggot would not infest whole or 
cut potatoes where the cut surface healed rapidly after cutting. Mag- 
got injury was prevented by devising a method which the grower could 
use to heal the potatoes before planting, thereby insuring a stand. The 
adoption of this method by growers saved the potato industry in some 
areas. 
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Tuber flea beetle losses reduced by growers applying control methods 
developed for these investigations —By determining that the tuber 
flea beetle was responsible for damage to the tubers and the relation of 
the number of flea beetles on the foliage to tuber damage as an indicator 
for time and number of applications of insecticide, flea-beetle-damaged 
potatoes at harvesttime were reduced from about 25 percent to a 
fraction of a percent in the Yakima Valley area of Washington State. 

The potato seed stock grower benefited by information obtained on 
seasonal movement of aphid into potato fields —Records on time of 
aphid flights and numbers involved have been used to determine the 
need for, and the time of, early harvesting operations in seed stock 
plantings to avoid infection by leafroll. 

DDT insecticides developed as remedy for flea beetles and aphids 
demonstrated as control for Colorado potato beetle and potato leaf- 
hopper-——Development of DDT insecticides—sprays and dusts—in 
combination with fungicides, for flea beetle and aphid control has 
been demonstrated to be useful against common pests of potatoes. 
DDT is compatible with fungicides, does not have any adverse effect 
upon growth of potatoes, and when incorporated with the soil at a 
rate as high as 50 pounds to the acre, shows no adverse effect on this 
crop. 

State of Maine authorities estimated the average increase in potato 
yield per acre for 1946 from the use of DDT to be 70 bushels. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to the current research there is an immediate need for 
investigations of insects as carriers of potato diseases. Several species 
of aphids are known to be carriers of various plant diseases affecting 
potatoes. Other insects, such as thrips, leafhoppers, whiteflies, plant 
bugs, and related forms such as red spider mites, may also be respon- 
sible for starting and spreading diseases of potatoes. There is urgent 
need to determine, in cooperation with plant pathologists, which 
species of insects or spider mites occurring on potatoes act as carriers 
of disease and to develop methods for their control. A special effort 
should be made to determine the carrier of “purple top” to potato 
and the species of aphids which are largely responsible for the trans- 
mission of leafroll to the potato crop. With this information at hand. 
the breeding of varieties of potatoes resistant to these aphids should 
be investigated. 


Poraro Ror NeMatropr Survey 


(BEPQ—Federal-State—Incipient and Emergency Outbreak Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of the work is to determine by an intensive survey 
whether infestations of the potato rot nematode are present in potato- 
growing areas of the United States other than in the vicinity of Aber- 
deen, Idaho. This nematode occurs in many countries of northern 
Europe where it is a troublesome potato pest and costly to control. 
In general, the surveys are confined to an inspection of potatoes in 
storage since the symptoms of the disease are more evident after po- 
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tatoes have been in storage for several months. In areas where po- 
tatoes move direct from harvest to market, inspections must be made 
at harvestime. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Does not apply. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The potato rot nematode was first reported as occurring in this 
country in 1943, when it was found infecting potato tubers grown 
near Aberdeen, Idaho. It may have been present there as e: arly as 
1930 according to growers familiar with the area. The same nema- 
tode was observed in Europe as early as 1888. Idaho authorities 
with full cooperation of growers, have taken steps to keep all potatoes 
from infested fields out of commercial distribution, and potato pro- 
duction on infested lands has been discontinued. With the danger 
of spread thus largely eliminated there has been no need of Federal 
quarantine action. 

The Pest Protection Division of the Canadian Department of Agri- 
culture announced late in 1945 that the potato rot nematode had been 
found on several farms in the seed-producing area of Prince Edward 
Island. At the time of the discovery several carloads of the 1945 
crop had already been delivered to points in the eastern part of the 
United States. Immediate steps were taken by the States involved 
and the Department to locate and inspect the shipments. One car- 
load consigned to New York State was found to include infested po- 
tatoes and the entire lot was destroyed. 

From 1946 to 1948 surveys were made in the potato-growing areas 
of the Northeastern States, largely in conjunction w ith similar sur- 
veys for the golden nematode of potatoes. No evidence of infestation 
was found. 

Since the first find in Idaho in 1943, only a few additional infested 
fields have been discovered and these were in the same general area. 
This led to a request from State officials that a thorough survey be 
made to detect other areas of infestation if they existed, either in 
Idaho or elsewhere in the United States. So far results of the sur- 
vey have been negative, except for a specimen taken from storage in 
the vicinity of Mount Vernon, Wash., in 1950 which was suspected 


of being diseased but not confirmed. This area will be reexamined 
in 1951. 


D. FUNDS—-ANNUAL EXPENDITURES 


Federal funds allotted to this work have ranged from $29,000 in 
1947 to $10,900 in 1950, with an average of approximately $15,000 per 
fiscal year. Estimated contributions of the States have ranged from 


$1,200 in 1947 to $12,600 in 1950, with an average of $6,650. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Surveys give reasonable assurance potato-rot nematode not wide- 
spread in Northwest.—( ‘omprehensive surveys were made during 1949 
and 1950 in the principal potato-growing areas of 10 Western States. 
Specimens from only one location were found which were suspected 
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of being infested with potato-rot nematode. Spot checks in major 
potato-growing areas in 16 Northeastern States have also been made 
annually since 1946, and no infestation found. 


F, SOME ADDITIONAL WORK NEEDED 


These surveys offer reasonable assurance that the potato-rot nema- 
tode is not of widespread occurrence in the potato-growing Western 
States although the results of the work done are not conclusive. Fur- 
ther surveys should be conducted in the State of Washington. 

In the Northwestern States potatoes are often rotated as a crop 
with flower bulbs. Association of the potato-rot nematode with bulbs 
has been suspected recently. This suggests the advisability of further 
surveys in the bulb-growing areas in these States. 


CROSS REFERENCES—PRODUCTION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BEPQ—C-K-5, Chapter 35, golden nematode control. 

BEPQ—I-b-10, Chapter 31, Japanese beetles. 

BEPQ—I-—d-11, Chapter 14, wire worms. 

BEPQ—I-e-8, Chapter 31, white-fringed beetles. 

BEPQ—I-k-1, Chapter 31, natural enemies of insects and weeds. 

BEPQ—I-m-3, Chapter 31, insecticide residues. 

BEPQ—I-n-5, Chapter 31, insecticides on parasites and predators. 

BEPQ—Q-a-2 to 7, Chapter 35, enforcement of foreign plant quarantines, etc. 

BEPQ—Emergency surveys, vegetable, nut, and fruit insects, Chapter 14. 

BEPQ—White-fringed beetle control, Capter 35. 

BEPQ, BAI, BDI, BPISAE, BAIC—RM: b-72, Chapter 31, toxicological effects of 
insecticides, fungicides, and herbicides on soil, plants, and animals. 

BPISAE—b-11-1, Chapter 13, introduction and evaluation of fruits and 
vegetables. 

BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAE—d-1-1, Chapter 22, soil management in potato production. 

BPISAE—d-1-3, Chapter 22, potato growing under irrigation. 

BPISAE—d-2-1, Chapter 22, fertilizer materials, improvement, production, and 
use trends. 

BPISAE—e-—1-—1, Chapter 30, pest and plant disease control machinery. 

BPISAE—e-—1-2, Chapter 30, fertilizer-distributing machinery. 

BPISAE—e-—1-3, Chapter 30, tillage-machinery investigations. 

BPISAE—e-1+4, Chapter 30, specialized crop production and harvesting ma- 
chinery. 

BPISAE—e—2-3, Chapter 30, storage structures and equipment for farm products. 

BPISAE—q-2-2, Chapter 38, plant disease survey. 

BPISAE—RM : b-48, Chapter 31, research on nematodes. 

BPISAE—RM: b-51, Chapter 38, forecasting crop diseases. 

BPISAE—RM: b-57, Chapter 31, methods and equipment for weed control. 

BPISAE—a-—1-8, Chapter 31, control methods for weeds. 

BPISAE—RM: b-68, Chapter 30, equipment and formulations—insecticides and 
fungicides. 

BPISAE—SRF-3-10, Chapter 22, relation of soils to nutritional content of 
potatoes. 

BPISAE, BDI, BAE—RM: b-99, Chapter 22, phosphorus fertilizer studies with 
potatoes. 

BPISAB, OES—RM: b-111, Chapter 38, introduction and testing new plants, etc. 

OES—b-1-11, Chapter 31, control of insect pests and diseases. 
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B. UTILIZATION 


UrimizATION INVESTIGATIONS ON Wuirte Porators? 


(BAIC—RRL-4-8—Federal—Regular Funds) 


(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and extended uses for potatoes and products derived 
therefrom, which will make possible the profitable diversion of cull 
and off-grade potatoes and recurrent surpluses of this crop. Current 
work includes development of better methods for extracting potato 
starch, development of better techniques for using potato starch in 
various industries, preparation of industrially useful derivatives of 
starch, and study of fundamental physico-chemical properties of 
potato starch with a view of developing new uses based on specific 
properties. In addition, engineering and economic studies are being 
conducted to develop and evaluate processes for conversion of surplus 
potatoes to stable form for use in the food, feed, and chemical 
industries. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRI-4-(8)-C-1—W hite potato starch and derived 
products 


RRL-4—(8)—C-1-1—Technology of potato starch manufacture. To 
extend the use of potato starch by development of better methods of 
manufacture that will result in quality improvement and production 
economies. 

RRL-4— (8)-C-1-2—Technology of potato starch utilization. To 
extend the uses of potato starch through development of new and 
improved techniques of application. 

RRL-—4-(8)-—C-1-4—Preparation of reactive starch ethers and their 
evaluation for industrial use. To develop new and extended uses for 
potato starch through development of industrially useful derivaties 
of starch, such as allyl starch, that can be used as coatings, plastics, 
and adhesives. There is cooperation with Sugar Research Founda- 
tion, Inc., on the development of allylsucrose, which is chemically 
related to allyl starch. 


Research project RRL-4—(8)—E-1—Chemical engineering studies on 
the utilization of white potatoes 
RRL-4—(8)-E-1-3—Miscellaneous chemical engineering services. 
To aid in the development of new and extended uses for white potatoes 
through advisory chemical engineering service, through the prepara- 
tion of preliminary cost estimates on processes still in the laboratory 
stage, and through assistance in problems entailing engineering 
design; also to review specifications for equipment and to render 
routine services such as the preparation of charts and drawings. 


1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this project, currently 
active line projects are grouped under their parent research projects, which correspond 
appoximately in scope to the regular work projects of other Bureaus of the Department. 
Likewise, under secs. D and BE, research projects are used as the basis for reporting 
expenditures in 1950, and outstanding accomplishments. 
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RRL—4—(8)—E-1-11—Chemical engineering investigations on the 
preparation of allyl starch and other allyl carbohydrates. To develop 
on a pilot-plant scale a feasible commercial method for the preparation 
of allyl starch and other allyl carbohydrates. 

RRL—4—(8)—E-1-14—Technology of white potato starch manu- 
facture. To set up a pilot plant for the study of the technology of 
potato starch manufacture in order to determine: (a) How to best 
utilize existing equipment typical of Maine potato starch factories 
to produce with good yields a product of uniformly high quality; 
(b) to establish the best means of producing high-quality white potato 
starch utilizing the most modern techniques and equipment; and (c) 
how to utilize the potato pulp which is now wasted. 


Research project RRI-4-(8)-A-1—Analytical chemical investigations 
RRL—4—(8)—A-—1—1—Research analysis investigations. To perform 
routine and specialized chemical analyses on white potatoes and their 
derived products, and to develop new and improved methods of 
analysis when required. 
Research project RRL—{-(8)-A-2—P hysical chemical investigations 
RRL-4+-(8)—A-2-1—Miscellaneous physical chemical investiga- 
tions. To apply specialized methods of physical chemistry to the 
chemical and technological problems arising in the development. of 
new and extended uses for white potatoes. 
RRL-4-(8)—A-2-3—-Composition and physical properties of white 
potato starch. To develop basic information on the chemical and 
molecular composition of white potato starch, and to relate the com- 


position to the physical properties of starch solutions, pastes, gels, 
fibers, and films. 


Research project RRL-—}—(8)—A-3—Physical investigations 

RRL—4+-(8)—A-3-1—Miscellaneous physical investigations. To 
apply specialized methods of physics to the chemical and technological 
problems arising in the development of new and extended uses for 
white potatoes. 

RRL—4—(8)-A-3-8—Microscopical investigations of white potato 
starch. To extend the utilization of white potato starch through 
microscopical and other physical studies of starch and its derivatives. 

RRL-4-(8)-A-3-4— Evaluation of the physical properties of 
lacquers, coatings, adhesives, and plastics from allyl starch and related 
compounds. 'To conduct fundamental physical studies and make rou- 
tine tests on the physical properties of oxidizable derivatives of white 
potato starch, and to explore new industrial uses for these materials. 
Research project RRL-4—(8)-OD-1—Development studies on the 

utilization of white potatoes 

RRL-4—-(8)-OD-1-1—Technical development surveys relating to 
the industrial utilization of white potatoes. To aid in the develop- 
ment of white potatoes through technical surveys of raw materials, 
their location, accessibility, cost, and other factors which may deter- 
mine the feasibility of commercial exploitation. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


White potato utilization investigations were initiated during the 
1941 fiscal year with the aim of increasing the utilization of cull and 
surplus potatoes through greater use of potato starch. Storage con- 
ditions for potatoes to be used for industrial purposes were investi- 
gated. Also, a survey of processing methods used in various factories 
was made, and the effect of various procedures on the quality of starch 
was determined. Recovery and utilization of starch- factory wastes 
were studied. The data obtained will be used in the potato-starch 
pilot-plant work which the Bureau has begun. Parallel with this 
work, investigations on chemical derivatives of starch were conducted 
with the vigw of finding some industrially useful products. Ally] 
starch is at present the most promising of all starch derivatives made 
by the Bureau. Somewhat later, work was undertaken on the funda- 
mental properties of potato starch and its pastes and gels, as well as 
pilot-plant studies to develop and evaluate processes for conversion of 
potatoes to stable form for use as a feedstuff and for food. 


D. FUNDS—-ANNUAL EXPENDITURES 


Between 1941 and 1949, annual expenditures under the white potato 
utilization project ranged from $65,000 in 1941 to $108,000 in 1949, 
averaging about $92, 100. ‘The ex xpenditure in 1950 was $99,200, which 
was apportioned among the various research projects as follows: € —1, 

$49,300; E-1, $37,700; A-1, $1,600; A-2, $3,800; A-3, $7,300. No 
funds were expended under project OD-1 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL—4-(8)-C-1 

Production and evaluation of allyl starch—This chemical deriva- 
tive of starch is a new synthetic resin that can be used as a coating 
material highly resistant to organic solvents, oils, and heat, as a plastic 
and as a replacement for shellac. Currently it is being used in aniline, 
gravure, and metallic inks, and in overprint varnishes. Allyl starch 
is made at present by one large manufacturer on a semicommercial 
scale. It is being sold at the rate of about 1,000,000 pounds per yea 
which represents a gross value of about $500,000. Among allyl de 
rivatives of other carbohydrates, allyl-sucrose is a very promising 
material. 

Research project RRL-4-(8)-E-1 

Development of two methods for making potato flour, which utilized 
idle equipment in distilleries, helped to supply 348,000,000 pounds of 
flour for the European emergency program in 1948-49. ‘This quan- 
tity was more than 11 times this country’s normal capacity for making 
potato flour, and about 20 times the normal production of potato flour. 
The cost of making the flour by one of these methods is considerably 
less than by the conventional process used in this country. 

A method for the recovery and utilization of pulp from potato- 
starch factories was developed which should materially reduce their 
acute waste-disposal problem. The dried pulp can be used to feed 
livestock. This is particularly significant in Maine, where the demand 
for feedstuffs is greater than the “supply. 
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Research project RRL-4-(8)-A-1 

Analytical service and research.—The accomplishments under this 
project were of a service and research nature which contributed mate- 
rially to work in progress on other projects. ‘Thousands of analyses 
have been made on potatoes, potato starch, and derived products for 
various important constituents. For some of these the development 
of new and improved methods were required. Examples were the 
development of methods for the determination of moisture in mate- 
rials containing starch; development of accurate sampling techniques 
for rapidly settling starch suspensions; and development of methods 
for the analysis of chemically modified starches. A survey of the 
composition of potato flours produced throughout the United States 
has been made. Of particular value was the development of a chem- 
ical method for the analysis of sulfur in materials derived from potato 
and other plant substances. The method has been widely adopted by 
chemical laboratories throughout the country. 

Research project RRL-4-(8)-A-2 

Texture of canned potatoes related to composition—An important 
cause of consumer dissatisfaction and loss to the commercial processor 
is the disintegration or sloughing that takes place when many pota- 
toes are canned. Experiments under this project have provided an 
explanation of this texture defect in terms of composition and plant 
anatomy, and have shown how sloughing is affected by chemical firm- 
ing agents and by — of the tubers before processing. It is ex- 
pected that these basic observations will prove increasingly useful in 
devising and assessing practical means of controlling the texture of 
processed potatoes and of grading potatoes according to their proc- 
essing quality. 

Research project RRL-4-(8)-A-3 

Physical service and research—The accomplishments under this 
project were of a service and research nature concerned with develop- 
ment of specialized physical methods and their application to work 
in progress under other projects. For example, spectroscopic methods 
were applied to the analysis of potato starch and to the quality meas- 
urement of potato starch and potato flour; X-ray diffraction methods 
to the structure determination of starch compounds; microscopic 
methods to the analysis of structural changes that take place on de- 
hydration of potatoes; and viscosity methods to the problem of the 
dependence of potato starch properties on composition of the water 
used in preparing it and pasting it. 

Extensive investigations into the physical properties of chemical 
derivatives of starch as well as into formulations for protective coat- 
ings and rigid plastics, have contributed substantially to furthering 
the industrial utilization of starch. 


Research project RRL-4-(8)-OD-1 
_ Market surveys and industrial development activities have resulted 
in the creation of a new large potential market for ground dried 


potatoes as a material for the growing of mushrooms and a demand 
for its use in the feed industry. 
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F. SOME ADDITIONAL WORK NEEDED 


Improvement in white potato starch manufactwre—Pilot-plant 
studies are needed to simplify the process of manufacture and to im- 
prove the yield and quality of starch in existing plants. 

Recovery of proteins and other solubles from starch factory efflu- 
ents.—This work should be done not only for the purpose of recovering 
valuable materials, but also, even more important, to eliminate stream 
pollution which threatens the existence of many white potato starch 
factories. 

Study of application of white potato starch to sizing of textiles and 
paper.—Some processors prefer potato starch in sizing of textiles and 
paper. The comparative value of various starches for this purpose has 
never been studied. The need for such a study is great, and it might 
lead to a substantial increase in the use of potato starch. 

Modification of white potato starch.—In the case of starches other 
than potato starch, various modified products, such as starches treated 
with acids, heat, or oxidizing agents, proved even more valuable for 
sizing of textiles and paper than the original starch. Study of various 
modifications of potato starch might prove very fruitful. 

Uses for whole, dried, ground potatoes.—The cheapest stable form 
of potatoes, containing all the nutrients of the whole potato, is obtained 
by washing, grinding, and drying. Pilot-plant studies have shown 
that the steam tube drier processing cost of this material is about 
1.2 cents per pound. One of the biggest outlets for surplus and cull 
potatoes is offered by this product, which is potentially useful in 
animal and poultry feeds, commercial mushroom culture, the fermen- 
tation industry, and other industrial microbiological processors. 


A. Conversion or Poratrors To More Sraste Forms anp Propucrs 
B. New Meruops or Ustne Porarors ror Frepvs anp Nonroop Uses 
(BAIC—RM : a-166—Federal-State—RMA Funds) 

A. PURPOSE AND NATURE OF CURRENT WORK 


To relieve potato surpluses by conversion of excess stocks into stable 
forms and products that can be stored to equalize the supply over an 
extended period. The current work is particularly concerned with 
dehydration of cull and surplus potatoes to produce food, feed, and 
industrial products, conversion of potatoes into useful products by 
fermentations, and development of food specialties that will be capable 
of storage. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-166-2—Utilization of raw, dehydrated, and dehydrofrozen 
( . dried and then frozen) white potatoes for the manufacture 
of potato chips and related products. To avoid storage deterioration 
of raw ere by developing more stable intermediate products for 
use in the manufacture of potato chips. Also, to develop new potato- 
snack items. 

RM: a-166-3—Development of means of stabilizing peeled potatoes 
for short periods and as a packaged product for household use. To 
develop an wg ago means of preserving the quality of peeled and cut 
raw potatoes for use after intermediate storage up to 10 days. 
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RM: a-166-4—Utilization of potato hydrolyzates. ‘To increase the 
nonfood utilization of cull and surplus potatoes through the prepara- 
tion of modified products, having feed or industrial uses, by converting 
the starch of potatoes to sugars. ; ; 

RM: a-166—5—Storage of potatoes for industrial uses. To increase 
the nonfood utilization of cull and surplus potatoes by developing 
improved methods for preserving potatoes for industrial uses. — 

RM: a-166-6—Chemical engineering studies on the conversion of 
cull and surplus potatoes to stable form. To develop cheap methods 
for converting surplus and cull potatoes into stable form suitable for 
outlets such as flour, feed, and raw material for fermentation products ; 
and to evaluate the engineering and economic factors involved. 

RM: a—-166—7—Development of new foods from dehydrated ino 
products. To increase the food utilization of potatoes by developing 
new food preparations and improving processing methods. 

RM: a—166—9—Development of a dehydrated potato product having 
the ability to quickly absorb water. To develop a quick-cooking de- 
hydrated potato that will combine speed and ease of preparation with 
high quality. To seek a method for producing mee a product that 
will involve only readily available processing equipment. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work under this project was begun in 1948 to supplement the 
research under regular commodity projects. It has progressed 
through the following stages: (1) Drying for feed or industrial use; 
(2) dehydration for food; (8) expanded food uses through improve- 
ments in methods of manufacture or quality (e. g., prepeeling, pro- 
ducing a quick-cooking dehydrated product, potato chips, frozen 
French fries, canned potatoes, and snacks) ; and (4) development of 
industrial processes based on the use of potatoes for production of 
organic chemicals and adhesives. 


D. FUNDS—-ANNUAL EXPENDITURES 


The approximate expenditure on this project for the fiscal year 1950 
was $69,000. For 1949 it was approximately $66,000, and for 1948, the 
first year of the project, it was approximately $75,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Two commercially feasible methods were developed on a pilot-plant 
scale for drying raw potatoes for feed and industrial purposes.—The 
dried product, no darker than flour made from cooked potatoes, has 
about the same feed value as corn. In feeding tests conducted cooper- 
atively for the Bureau of Agricultural and Industrial Chemistry by 
the Bureau of Animal Industry and Cornell University Agricultural 
Experiment Station, it was shown that ground dried potatoes could be 
substituted in duck rations for 20 percent of the cornmeal or middlings. 

Development of a method to produce a useful organic acid from 
potatoes —A method was developed for preparing for the first time 
lactic acid from potatoes. This method also worked well from the 
fermentation standpoint in a commercial plant. This accomplishment 
indicates that other chemical products can also be produced by fer- 
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mentation of potatoes. Lactic acid is used extensively in the tanning 
and textile finishing industries as well as in the manufacture of 
chemicals and food products. 

Prepeeled potatoes——To meet a growing demand for information 
on the preparation and preservation of peeled potatoes for restaurant 
and institutional use a brochure on the subject was prepared and 
widely distributed. Growth of the peeled-potato industry which has 
expanded manyfold in the past 2 or 3 years has been stimulated by the 
information made available by research on this project. 

Puffed potato product.—A method has been developed for producing 
puffed potato cubes having good texture and flavor and containing no 
added fat. This product is suitable for packaging as a snack food. 


F. SOME ADDITIONAL WORK NEEDED 


Investigation of chemical problems of the potato-chip industry.— 
The potato-chip industry uses about 20,000,000 bushels of potatoes 
annually. This industry has many problems, the solution of which 
should lead to even greater consumption of chips. Outstanding exam- 
ples of the chemical problems are better control of chip color and 
inhibition of rancidity during shelf storage. 

Nutritional studies on the nitrogenous components of potatoes.—The 
inexpensive potato is more nearly a balanced food than most people 
realize. More data are needed on the nitrogenous constituents, par- 
ticularly the nonprotein nitrogen, and nutritional studies should be 
conducted on the use of these components as human food. 

Potato grading for processors—In the utilization and processing 
of potatoes, variability of raw material often provides vexing prob- 
lems. Study should be made of methods for grading potatoes to 
judge their value for different uses. 

Storage deterioration of deydrated potatoes.—Research should be 
done on the basic causes involved in the deterioration of dried potato 
products (e. g., dehydrated potatoes, quick-cooking dehydrated pota- 
toes, flour, and meal) during storage, in order to find means for the 
prevention or correction of the discoloration and adverse flavor change 
in the stored, dried products. 


Cookine Quauiry oF PoTaTors 
(BHNHE and BPISAE—RM: a-147—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine: (1) The culinary quality of potatoes of different 
varieties, grown in different sections of the country and stored under 
different conditions, and (2) to develop objective tests for selecting 
potatoes possessing desirable qualities for specific uses. 

In current work, commonly marketed varieties of potatoes are being 
analyzed with respect to their physical characteristics. their chemical] 
constituents, and their table quality when cooked by different methods. 
Later, these data will be correlated and interpreted in an effort to 
select some chemical or physical test by which producers, large- 
quantity users, and those responsible for developing improved con- 
sumer grades can identify raw — suitable for boiling, mashing, 
baking, chipping, and other cooking methods. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-147-1—Predetermining cooking quality of potatoes. To 
determine the major chemical constituents of raw potatoes and the 
physical characteristics of different varieties, grown in different sec- 
tions of the country, and stored under different conditions (BPISAE). 

RM: a-147-2—The cooking quality of potatoes as affected by va- 
riety, section of country where grown, and storage treatment. To 
determine the culinary quality of potatoes of different varieties, grown 
in different sections of the country, and stored under different con- 
ditions, and to classify potatoes as to suitability for common methods 
of cooking (BHNHE). 

RM: a-147-3—Evaluating potato varieties and new selections in 
making chips. To determine suitable and unsuitable varieties of 
potatoes for chip making by studying storage and handling pro- 
cedures, by testing new varieties to determine their response to cus- 
tomary storage procedures and their general suitability for commercial 
use (BPISAE in unofficial cooperation with the National Potato 
Chip Institute and commercial chippers). 


C. HISTORY AND EVOLUTION OF THIS WORK 


No satisfactory basis for buying potatoes for a specific use has as 
yet been developed, although research has shown some relationships 
between physical and chemical characteristics and cooking qualities 
in potatoes differing in variety or in production or storage conditions. 
At the request of the American Restaurant Association and the United 
Fresh Fruit and Vegetable Growers Association, who have become 
acutely aware of the marketing and buying problems involved, a 
project was undertaken in 1948 on important commercial varieties of 
potatoes obtained from different production areas and stored under 
different conditions. The potatoes have been tested at different time 
intervals for palatability when cooked by various common methods 
and for chemical constituents. Data obtained are being analyzed 
statistically. Studies of chip making at the BPISAE have been ex- 
tended to cover a wide number of varieties and conditions. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures from RMA funds in the fiscal year 1948 were $10,000; 
in 1949, $15,000; and in 1950, $15,000, by the BHNHE. Expendi- 
tures of RMA funds by the BHNHE for the 3 years, 1948 through 
1950, have averaged approximately $9,000 a year. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The suitability of potatoes for boiling, mashing, and baking has 
been determined by studies covering two successive years on six va- 
rieties of mature potatoes from three widely separated areas for each 
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variety (17 sample lots in all) and for 1 year on four varieties of 
early crop potatoes from one or two growing areas (six sample lots). 
Relationships are indicated between palatability data, specific gravity 
of tubers used in cooking tests, and the data from chemical analysis 
of raw samples. These data are being subjected to statistical analysis 
and are being evaluated for proper interpretation. Advantages are 
foreseen in the marketing of potatoes for specific uses such as boil- 
ing, baking, mashing, chipping, salad, or frying, both for home and 
for large-quantity use. 


F. SOME ADDITIONAL WORK NEEDED 


French-frying quality of potatoes —Because of the large volume of 
french frying done by restaurants, the American Restaurant Asso- 
ciation has requested that research be undertaken to find a practical 
way to characterize potatoes that are suitable for french frying. 
These studies should include correlating tissue structure of the raw 
potato with the cooking properties, palatability, and chemical com- 
position. The reconditioning or desugaring behavior of potatoes 
of different varieties, grown in different locations, and subjected to 
different storage treatments, should be studied since the appearance 
of the cooked product, and also to some extent its texture, is greatly 
dependent on the ability of potatoes to recondition satisfactorily. 

ressure-cooking quality of potatoes.—The use of pressure sauce- 
pans for preparation of potatoes in the restaurant or home presents 
unique problems. Experience to date indicates that this method of 
cooking often yields cooked potatoes of objectionable quality. To 
identify and overcome the causes of these unsatisfactory results a 
Fe study is needed along the lines suggested above for french 
rying. 

Objective tests for potato quality—*Rapid” tests need to be de- 
veloped for any chemical or physical characteristic found to be related 
to consumer quality. Physiological study should be made of tubers 
of different varieties from different production areas in regard to 
enzyme systems, such as phosphorylase, that may predispose different 
lots of potatoes to respond differently in storage. 


CROSS REFERENCES——UTILIZATION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAIC—b-8, Chapter 12, utilization investigations of fruits, vegetables, etc., of 
the West. 

BAIC—RRL-3-12, Chapter 14, utilization studies of potatoes. 

BAIC—RM: a-520, Chapter 13, instruments to measure color and moisture. 

BAIC, BAI, BDI-—RM: a-307, Chapter 14, potatoes as feed. 

BHNHE—RM: a-12 and b-1-16, Chapter 29, food utilization and preparation. 

BHNHE—RM: a-13, Chapter 29, family food consumption. 

BHNHE—RM : a-345, b-2-2, and b-1-17, Chapter 29, distribution of nutrients 
in foods and nutritive value. 
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C. MARKETING 
CoNsUMER PREFERENCE Researcu (Porarors) 
(BAE—BHNHE—OES—RM: ec-31—Federal-State—RMA Funds) 


(Related consumer preference research by BAE on other commodities is dis- 
cussed in other commodity chapters. Consumer preference research conducted 
by BHNHE and OES, as well as line projects of BAE involving more than 
one commodity, are discussed in the general statement on consumer preference 
research in Chapter 26, Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To explore new and expanded outlets for the greatly increased pro- 
duction of potatoes which is coupled with a steadily declining per 
capita consumption. Consumer studies of the kind described here 
disclose the attitudes and preferences of consumers, their likes and dis- 
likes. Such information should help producers and marketers to 
develop better methods and practices in marketing. These findings 
should also be useful when estimating the prices and returns to pro- 
ducers which might be expected to follow certain changes in marketing. 


B. CURRENTLY ACTIVE LINE PROJECTS 

None. 

Completed line projects : 

RM: c—31.13—Potato preferences among household consumers. <A 
national study designed to obtain a picture of consumers’ purchases 
and preferences and to supplement and expand consumer-preference 
information previously obtained from a limited number of studies con- 
ducted in a few metropolitan areas. This study was completed in the 
fiscal year 1949. 

RM: c-31.14—Potato preferences among restaurant and_ hotel 
buyers. An extension of previous consumer-preference studies on 
households to a class of institutional consumers. This study was com- 
pleted during the fiscal year 1949. 


©. HISTORY AND EVOLUTION OF THIS WORK 


The Department was authorized to make studies of this general 
type by the Research and Marketing Act of 1946, and these specific 
line projects were approved by the Potato Advisory Committee. 
Their central purpose is to provide information which may be useful, 
if properly applied, in increasing the consumption of potatoes and 
thus bring consumption more nearly in line with present production 
trends. They supplement other projects on potato marketing which 
have been sponsored recently at both Federal and State levels. 


D. FUNDS--ANNUAL EXPENDITURES 


Consumer preference research on potatoes undertaken by BAE dur- 
ing fiseal years 1948, 1949, and 1950 totaled $82,700, 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The homemakers’ survey on consumer potato preferences received 
articularly heavy attention in newspaper articles. The Nationa! 
estaurant Association printed an abstract and interpretation of the 

survey among restaurant and hotel buyers and circulated it to its 
members. Popular versions of both reports were issued and were 
especially well received. The four Government publications resulting 
from this work are: 

Potato Preferences Among Household Consumers, Miscellaneous 
Publication No. 667, USDA, Washington, D. C., 1948, 119 pages. 

People and Potatoes, USDA, Washington, D. C., September 1948, 
8 pages. 

Potato Preferences Among Restaurant and Hotel Buyers, Miscel- 
laneous Publication No. 682, USDA, Washington, D. C., 1949, 92 pages. 

Potatoes in Hotels and Restaurants, USDA, Washington, D. C., 
May 1949, 8 pages. 

The survey of housewives showed that when comparing price, size, 
and quality, price (within reasonable fluctuations) was much less 
important than either size or quality and that the latter was regarded 
as most important. Relatively few homemakers understood much 
about the true food value of potatoes. Most preferred to buy pota- 
toes loose rather than prepackaged. The ideal potato wanted was of 
medium size, clean, smooth-skinned, free of spots, bruises, etc., and 
with as few eyes as possible. It was desired to cook up soft, mealy, 
and evenly, without falling apart. Housewives showed little interest 
in the region where the pot atoes were grown. 


Restaurant buyers gave specific sizes they desired, stressed quality 
characteristics rather than price, gave the types they preferred, and 
supplied much information on a variety of other points too numerous 
to mention here. 


F. SOME ADDITIONAL WORK NEEDED 


Studies of commercial users.—Studies of the use patterns and prefer- 
ences of additional types of commercial consumers of potatoes should 
be undertaken. 


MEASUREMENT oF Costs AND MaroGins tn Marketine Farm 
Propucrs (PoraTors) 


(BAE—OES—RM: c-163—Federal-State--RMA Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 26: Economics of Marketing) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To measure costs and margins in marketing potatoes and to analyze 
factors affecting margins. thereby to provide the basis for suggesting 
ways and means of bri inging about more efficient and orderly market- 
ing, and reducing the price spread between the producer and the 
consumer. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-163.2 (BAE)—Comparative costs of shipping-point and 
terminal markets of consumer-packaged late-crop Idaho and Oregon 
potatoes sold in San Francisco market area. A study of comparative 
costs of packing potatoes in consumer-sized containers at shipping 
points and at terminal markets, taking into account various contain- 
ers and handling methods. 

RM: c-163.7—Costs and margins in marketing early Irish pota- 
toes. A study of marketing channels, margins, costs, and quality 
deterioration in the movement of Florida potatoes into the principal 
consuming markets. Additional consideration is given to the com- 
parison of the costs and margins on Florida potatoes compared with 
those of Alabama, South Carolina, North Gasiiom, and Virginia, 
moved into the same consuming areas. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department was directed to make studies of this general type 
by the Research and Marketing Act of 1946, and these specific line 
projects were recommended by the Potato Advisory Committee. 


D. FUNDS—-ANNUAL EXPENDITURES 


The cost of BAE research on costs and margins in marketing pota- 
toes, financed with RMA funds, was $11,100 during fiscal year 1949 
and $15,200 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Except for the work carried on by an intern under project RM: c— 
163.7, costs and margins funds were not allocated to potato work prior 
to fiscal year 1951. The intern research program is reported under 
the regional potato project RM: b-174. 


F. SOME ADDITIONAL WORK NEEDED 


Comparisons of costs and efficiency in consumer-packaging pota- 
toes at shipping point and at terminal market.—The RMA Potato 
Advisory Committee in April 1950 recommended “that more informa- 
tion should be obtained concerning the functions performed at each 


step in the marketing process and the costs and margins connected 
with each operation.” 


ReGcionaL MARKETING RESEARCH ON POTATOES 
(RM: b-174—BAB, BHNHB, PMA, BPISAB, Federal-State—RMA Funds) 


(For work in cooperation with States on regional projects Nos. NCM-5, NEM-4, 
SM-5, WM-46, see ch. 39) 


A. PURPOSE AND NATURE OF CURRENT WORK 
The several lines of work here reported all seek to increase con- 


sumption of potatoes through (1) determining factors affecting de- 
mand, and finding out what kind and qualities of potatoes, and what 
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methods of packaging and merchandising, enjoy greatest consumer 
acceptance; (2) finding out the sources of quality deterioration 
through marketing channels, in order that potatoes of better quality 
may be offered at retail; and (3) seeking ways to reduce costs of 
marketing. 

The work is carried on under the regional research program of the 
State agricultural experiment stations. The Federal agencies are rep- 
resented on the technical committees in the four regions. Initiating 
responsibility resides in the experiment stations, the Federal agencies 
participating by request. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-174.1—Determining the effect of physical handling prac- 
tices on marketing of early potatoes (Southeastern). Seeks improve- 
ments in practices and equipment for harvesting, grading, and ship- 
ping that will maintain better quality. 

RM: b-174.4—Determining whether and to what extent net necrosis, 
black spot, and other diseases develop in potatoes after harvest and 
during shipment to market (Northeastern). To determine the rela- 
tion of temperature and handling methods to the development of net 
necrosis and black spot after harvest and in transit. 

RM: b-174.6—A study of the deterioration of Long Island potatoes 
in marketing channels (Northeastern). To ascertain the extent to 
which potatoes deteriorated between Long Island shipping points, the 
terminal market, and retail stores in New York City and to determine 
factors causing deterioration. 

RM: b-174.7—The quality-price relationships of potatoes at the 
retail level (North Central). Retail-store experiments on relation of 
size, color, and other factors to consumer acceptance and price. 

RM: b-174.8—Regional research in the marketing and distribution 
of potatoes (Northeastern). Studies of retail quality-price relation- 
ships as guides for improvements in marketing. 

RM: b—174.9—Spoilage in marketing early Irish potatoes (South- 
eastern). Seeks improvements in marketing that will reduce shrink- 
age and spoilage losses. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Earlier research on the marketing of potatoes was confined largely 
to handling, grading, storage, etc., on the farm and at shipping point. 
Meanwhile, the declining per capita consumption of potatoes, com- 
bined more recently with the remarkable increase in yields, have 
focused attention on the potato problem. The Research and Market- 
ing Act has made possible a broad-scale attack upon marketing aspects 
of this problem. The regional research here reported is part of this 
program. It is further noteworthy because of the widespread coop- 
eration in this field among the State agricultural experiment stations, 
with assistance of Federal agencies in a joint effort. 
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D. FUNDS-——-ANNUAL EXPENDITURES 


Expenditures for all agencies on potatoes under RM: b-174 are as 
follows: 


Agency 1948 1949 | 1950 


BPISAE $11, 100 $12, 300 $14, 000 
BHNHE | 2,000 | 4, 900 4, 900 
PMA... 7, 100 12, 000 | 12, 000 
BAE 15,600 | 22, 000 | 21, 100 


Total * 35, 800 51, 200 52, 000 


E. EXAMPLES OF ACCOMPLISHMENTS 


There was little relationship found between the quality and price of 
potatoes in New York City in 1948.—This study also found that less 
than 20 percent of the potatoes at the retail level in New York City 
so marked were U.S. No. 1 grade. 

In a study in 1949 of the amount of damage and types of grade 
defects found in moving late-crop Long Island potatoes into New 
York City; it was found that grade defects averaged 7.8 percent at 
shipping point. For the same potatoes at the wholesale level grade 
defects averaged 11.7 percent, and at the retail level 13.4 percent. 
From one-half to three-fourths of the amount of damage was due to 
cuts and bruises. 

Regional studies completed and published on potato quality dis- 
close considerable deterioration between producer and consumer. As 
a result, consumers are forced to buy lower-quality products. These 
studies indicate that prices to consumers are not lowered to conform 
with the deterioration in potato quality which may contribute to the 
per capita decline in potato consumption. These studies bring out 
clearly the need for improved handling practices such as car floor 
padding, temperature control, more careful loading and unloading of 
rail cars and trucks, more careful handling in grading and sorting, 
and of proper displaying in retail stores. 

A specific gravity grader has been developed that will separate 
about 100 bushels of potatoes per hour into two classes, those of low 
density not desirable for baking and those of high density that are 
good bakers. 

F. SOME ADDITIONAL WORK NEEDED 


The Potato Advisory Committee recommended a study of effect of 
waxing potatoes on the consumer acceptance, maintenance of quality, 
and edibility in marketing potatoes. 

They also recommended investigations of the possibility of using 
large collapsible containers with which pallet and fork lift equipment 
can be utilized in truck and rail shipments of potatoes as a means of 
reducing handling costs and damage. 

Ways to reduce deterioration.—F urther research is needed to follow 
up leads that have been developed regarding methods and practices by 
which deterioration in distribution might be reduced. 

Production maladjustments.—The regional technical committees 
have expressed a desire to undertake research designed to develop 
methods other than those now being used which might more effectively 
correct recent maladjustments in potato production. 
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Derve.op Improvep Mernops or HANpLiInG, StoraceE, WASHING, AND 
Surprptne Porarors To Repuce Transportation Costs AND Losses 
From SHatrer Bruising, Decay, AND OTHER Causes 


(BPISAE, OES, PMA—RM: ec 320—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop more satisfactory methods and equipment for harvest- 
ing, handling, washing, storing, and shipping potatoes, so as to reduce 
production costs and prevent losses from shatter bruising, decay, and 
other causes connected with the physical handling of potatoes from 
the field, into storage, and from storage through grading to market. 
Test lots are followed from the field to the wholesale market and even 
to the retail store. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-320-1—Development of improved machinery and methods for 
harvesting and hauling potatoes from the field to storage bins. To 
develop a mechanical device for measuring resistance of potatoes to 
bruising by impacts, pressures, and semishear or abrasion blows, to 
determine the influence of digger shovel design, soil separating mech- 
anism, sorting mechanism, the bagging mechanism, and other harvest- 
ing machine elements on bruising and damage, and to improve these 
elements as required. 

c—320-3—Study the effects of different methods of harvesting, han- 
dling, storage, and shipping potatoes on their quality and market life. 
To determine the source of injuries to potatoes in commercial opera- 
tions, to study the effect of maturity, type and operation of harvest- 
ing and storage house machinery, washing, temperatures, humid- 
ity and other factors on storage life, appearance, and cooking quality, 
and to study transportation facilities, prepacking, and other market- 
ing problems. 

e-3204A—Structures and equipment for storage and related han- 
dling of Red River Valley potatoes. To determine engineering re- 
quirements for maintaining optimum storage environment in potato 
storages and develop equipment for maintaining this environment; 
to develop practical equipment and methods for moving potatoes into 
and from storage that will minimize handling injuries and losses; 
and to determine pressures exerted by potatoes stored at different 
depths and volumes as a basis of storage design. 

320-2, ES 19 (Maine)—Costs and efficiency in marketing washed 
and unwashed potatoes of various qualities to meet and develop con- 
sumer demand. To determine consumer preference regarding washed 
and unwashed potatoes, the costs of producing good quality washed 
potatoes, and the efficiency of measures of handling potatoes through 
various steps in marketing various qualities of potatoes. 


C. HISTORY AND EVOLUTION OB THIS WORK 


Potato storage studies in the Department were started in 1925. At 
first, emphasis was upon preventing potato freezing, decaying, and 
sprouting in bins filled by hand from horse-drawn vehicles and 
emptied over portable graders within the bins. Now, emphasis is upon 
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keeping potatoes within a 4-degree temperature range in storages filled 
by conveyors from trucks and designed for movement of potatoes from 
storage to stationary washing and grading equipment. The greatly 
increased mechanization of potato harvesting and the greater amount 
of grading, washing, waxing, prepackaging and other processing in 
recent years have resulted in increased difficulty in ae mechani- 
cal injuries to the potatoes with subsequent decay and quality loss in 
storage or in transit. A cooperative potato research center was estab- 
lished at East Grand Forks, Minn., in 1949, in which some of these 
problems can be studied effectively. Research on potato harvesting 
and handling problems is also being conducted in Maine, California, 
Nebraska, and other late potato-producing areas and at New York, 
Chicago, and other terminal markets. The studies under this project 
are essential to reduce losses and to supply the consumers with reasona- 
bly priced, sound, high-quality potatoes. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Allotments to BPISAE were $40,100 in 1949 and $64,100 in 1950, to 
the Maine Experiment Station, $4,000 and $7,500, and PMA, $465 and 
$5,050, in the same years. Total allotments to this project were 
$44,565 in 1949, and $76,650 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Sources of injuries—It has been found that injuries to potatoes 
increased with every step in handling from digger to storage bin. The 
greatest single source of damage occurred in filling the bins. In- 
juries that would not be considered a grade defect when stored became 


serious enough after 6 months to make the potato a-cull. Injuries oc- 
curring during grading in the winter were generally not important. 
ener was significantly reduced by removal of tops 


with a mechanical flail, pulling the tops, or light burning, when these 
treatments were applied 2 weeks prior to harvest. 

Transportation.—Tests indicated that many late summer and early 
fall shipments are iced more than is necessary or desirable. Correctin 
this practice should result in reduced shipping costs and ac 
quality. 

Washing and drying.—In test shipments to Chicago it was found 
that potatoes that had been washed and dried showed a tendency to 
wither and sprout more than undried ones. If these results are con- 
firmed in further tests, it will be possible to eliminate the cost of drying 
and improve the market appearance of the potatoes. 

Potato harvesting machinery.—W ork initiated in 1948 resulted in 
the development of a potato harvester for the small farmer. This 
harvester features gentle handling of the potatoes and a small operat- 
ing crew. It is drawn by a medium-sized tractor and is operated by 
four men. 

Lateral pressure of potatoes in storage bins has been found to vary 
from 0 at the surface to 70.pounds per square foot at 10 foot depth and 
100 pounds per square foot at 20 feet. This information has long 
been needed as a basis for bin design. 
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F. SOME ADDITIONAL WORK NEEDED 


Potato storages without partitions are now practical (where potatoes 
do not need to be divided into lots) by using forced-air circulation. 
But refinements are needed upon circulation methods and potato-han- 
dling equipment to make the greatest savings from partition 
elimination. 

Large bow storage and handling reduced potato-handling labor and 
injury compared with other storage methods, but better harvesting and 
field filling of boxes are needed to get maximum advantage of this 
system and make the labor and potato injury savings pay the cost of 
the boxes and equipment. 

Regulation of temperature and humidity with a minimum of atten- 
tion and heating is needed for above-grade storages located in cold 
climates. Attention should be given to condensing intakes and humidi- 
static regulation of heating for ventilation. 

Effects of washing, waxing, sprout inhibitors, disinfectants in wash 
water, and other factors on the keeping quality and market appear- 
ance need further investigation. 


CROSS REFERENCES——-MARKETING 


For additional information especially pertinent to subjects reported on in 

this chapter, see also: 

BAE—A-2-7, Chapter 14, analysis of current situation and outlook for vegetables. 

BAE—A-2-5 and RM: c-32, Chapter 27, consumption of canned fruits and 
vegetables. 

BAE—A-—2-16.1 to 24.1, Chapter 26, research and analysis for servicing current 
requests On potato marketing. 

BAE—RM: c-205 and A-2-16, Chapter 26, marketing practices. 

BAE—RM: c-417, Chapter 26, economics of new uses of farm products. 

BAE—RM : c—168, Chapter 19, transportation costs and economic effects. 

BAE, PMA, OES, BHNHE, BAIC, BDI, BPISAE, BEPQ—RM: a-c-518, Chapter 
26, technological changes affecting marketing and utilization. 

BAIC—RM: a-421, Chapter 19, temperature requirements in warehouse and 
transit. 

BPISAE—b-8-3, Chapter 14, handling and storage of potatoes. 

BPISAE—b-S8+4, Chapter 13, market diseases of fruits and vegetables. 

BPISAE--e—2-3, Chapter 30 storage structures and equipment. 

BPISAE—RM.: a-45, Chapter 14, decay in transported fruits and vegetables. 

BPISAE—RM: c—52, Chapter 20, refrigeration at source and market. 

BPISAE—RM: c-294, Chapter 37, bibliography on biology and handling. 

BPISAEB, OES—RM: c-413, Chapter 20, white potato storage. 

CEA—Commodity Exchange Act, Chapter 35. 

EXT—RM: c-95, Chapter 37, marketing methods, facilities and equipment. 

EX T—Chapter 37 educational work in marketing. 

EXT—RM: c-96, Chapter 37, consumer education on potatoes. 

EXT—RM: c—98, Chapter 37, marketing education on potatoes. 

FCA—a-1-+4, Chapter 14, assistance for fruit and vegetable cooperatives. 

FCA—RM: c-84, Chapter 14, merchandising processed horticultural products 
by cooperatives. 

OES—Chapter 39, research at State experiment stations. 

OFAR—RM: c-2 and RM: c—544, Chapter 23, foreign competition and markets. 

PMA—RM: c-—85, Chapter 34, grades and standards. 

PMA—RM: c-86, Revised, Chapter 36, expanding market outlets, ete. 

PMA—RM: c-106, Chapter 36, Improving distribution methods and practices. 

PMA—RM: c-—387, Chapter 34, consumer grades. 

PMA—RM.: c-430, 431, and 482, Chapter 36, marketing service programs. 

PMA—Marketing regulatory acts applicable to fruits and vegetables, Chapter 
35. 

PMA—Inspection of fresh fruits and vegetables, Chapter 34. 

PMA—Processed fruit and vegetable inspection, Chapter 34. 
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PMA—Obtaining adequate marketing, storage, and transportation facilities, 
Chapter 36. 

PMA—Administration of United States Warehouse Act, Chapter 35. 

PMA—Freight rates for farm products, Chapter 19. 

Il’MA—Development of grades and standards for fresh fruits, fresh vegetables, 
nuts, and miscellaneous products, Chapter 34. 

PMA—Improving marketing methods and distribution of fruits and vegetables, 
Chapter 138. 

PMA, BAE—RM: c-—133, Chapter 34, adequacy of grades and standards. 

PMA, FCA—RM: c-75, Chapter 36, market facilities, organization and equip- 
ment. 

PMA, FCA BPISAE, OES—RM: a-c-44, Chapter 36, prepackaging perishable 
horticultural products. 

Chapter 32 for reports on crop estimates. 

Chapter 33 for commodity market news service. 

PMA—RM : c—208, Chapter 19, improved transportation. 

PMA—RM : c-441, Chapter 19, obtaining equitable and reasonable transportation 
rates. 
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SUGAR, INCLUDING MOLASSES AND SIRUPS 
Chapter 16—Part II 


Foreworp 


In this chapter are statements covering research on the production, 
utilization, and marketing of sugar beets, sugarcane, sugar sorghum, 
including molasses and sirups. Subjects included in these three broad 
fields include breeding, genetics, disease and insect control; harvesting 
and cultural practices; certain phases of farm organization and 
mechanization; utilization studies, an example being investigations 
aimed at production of higher quality sugars and sirups and better 
use of byproducts through | improved methods of processing of sugar 
and beets; and specific ph: ises of work that affect the marketing of 
products covered in this chapter. 

In other chapters of part IL of this report are statements about 
closely related work in the research, service, and marketing fields. 
Cross references to these statements are provided at the end “of each 
major section of this chapter. 
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A. PRODUCTION 


Sucar Beer Propuction, Breeprne, Disease, AND QUALITY 
INVESTIGATIONS 


(BPISAE—a-6-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) discover better and more efficient methods of growing the 
crop; (2) breed varieties improved in disease resistance and other 
qualities; (3) improve seed production methods; and (4) develop 
effective control measures for important sugar beet diseases. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-6—1-1—Breeding for resistance to leaf spot. To develop resist- 
ant sugar beet varieties for Midwest and Great Lakes States where 
Cercospora leaf spot (blight) occurs in epidemic form. In blight 
years the crop is unprofitable for farmer and processor. 

a-6-1-2—-Control of root rots. Practical control measures are 
sought to prevent serious losses from rotting of sugar beets in the 
period from midseason to harvest. The rotting is caused by soil- 
inhabiting fungi. 

a—6—1-3—Control of black root. Seedling diseases often destroy 
stands in the humid area and may seriously reduce stands in the irri- 
gated districts. Seed treatment and general measures afford some 
control but for the water mold, Aphanomyces cochlioides, resistant 
varieties must be bred. 

a-6—1-4—Breeding for resistance to curly top. The virus causing 
curly top is brought each spring to the sugar beet fields by the beet 
leaf hopper. The disease can be efficiently controlled only by use of 
resistant varieties. The project seeks to maintain the degree of re- 
sistance so far gained by breeding research and by continued breed- 
ing and selection to constantly add resistance to new virulent strains 
which occur within the virus complex. 

a—6—1-5—Breeding for rust and downy mildew resistance and non- 
bolting. Curly top-resistant varieties usable in Pacific coast areas, 
where sugar beets are grown in winter plantings, must be resistant also 
to downy mildew and to rust, and be nonbolting. This project seeks 
to add these essential characteristics to existing curly top-resistant 
varieties. 

a—6-1-6—Nature of curly top virus. Fundamental] research is con- 
ducted on plant-virus reactions, on the nature of resistance, and on 
the strains within the virus complex to supply leads and directives 
for the breeding and control research. 

a-6—-1-7—Plant succession studies on western range lands. The 
factors responsible for weeds such as Russian thistle and mustards, 
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which drive out the native grasses, are determined and the means for 
encouraging natural processes to restore the original plant cover of 
the range lands are studied. Range improvement is significant in 
curly top control since the insect carrier of curly top virus breeds in 
the weedy ranges. 

a—6—1-8—Improvement of cultural practices. To discover better 
and more eflicient methods of growing sugar beets, including methods 
of crop handling and fertilization. 

a—6—1-)—E valuation tests of new curly top-resistant introductions 
in western United States. To determine performance in western 
sugar beet districts of new curly top-resistant strains and varieties 
as basis for recommendations to growers. 

au—6—1—-10—Evaluation of new leaf-spot-resistant introductions east 
of Rocky Mountains. 'To determine performance in eastern districts 
of new leaf-spot-resistant sugar beet varieties and hybrids as basis 
for recommendations to growers. 

a—6—1-11—Seed production in established sugar beet seed-growing 
districts. ‘To determine improved methods of seed production, in- 
cluding methods adapted to the more recently intaedaena varieties. 

a—6—1-16—Fertilizers for sugar beets grown for seed in the Pa- 
cific Northwest. To develop proper fertilization practices in seed 
growing, including utilization of so-called minor elements. 


C., HISTORY AND EVOLUTION OF THIS WORK 


Small appropriations, beginning in 1899, were made to promote 
the sugar beet industry. The research dealing with investigations 
of sugar-producing plants dates from 1910. In the decade 1910-20, 
investigations dealt chiefly with culture and seed production but a 
beginning was made on breeding and on the study of the curly top 
disease. In the decade 1920-30, research on agronomy and seed pro- 
duction was increased and breeding of resistant varieties against both 
leaf spot and curly top was commenced. Fundamental discoveries 
showing possibilities for crop improvement were made upon which 
were built the subsequent extensive research programs. From 1930 
to date, emphasis has been given to the breeding of varieties resistant 
to curly top to meet the disastrous curly top situation of western 
United States and to breeding of leaf-spot-resistant variteties for the 
sugar beet districts east of the Rocky Mountains. More recently, 
breeding of black-root-resistant varieties was authorized to correct 
chief cause of crop failure of sugar beets in the humid area of the 
United States. 

D. FUNDS—ANNUAL EXPENDITURES 


From 1910 to 1920 the average annual appropriation was about 
$33,000 and from 1920 to 1930 about $72,000. In 1930 and 1931, the 
western sugar beet industry was facing ruin because of curly top dis- 
ase and the Congress appropriated $204,274 directly for research 
with this disease. The average annual appropriation from 1930 to 
1940 was $227,000. In the period 1940—50, the average annual appro- 
priation ranged from about $205,000 to $275,300 in 1950. 
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E, EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Introduction in 1931 of variety U.S. No. 1, that held the line against 
curly top until more resistant varieties were bred. ‘The var iety. came 
when European varieties failed completely under severe curly top. 
Its yield was low, if judged by present standards, but it gave new hope 
to an industry about to quit. For several years after its s release, about 
half of the acreage subject to curly top was planted to U.S. 1. 

Breeding of varieties improved in curly top resistance—U. S. 33, 
U. S. 34, U. 12 and U. S. 22—arried, step by step, sugar beet 
culture in Sanaa United States to a more stable position. Under 
severe curly top exposure, when ordinary European varieties pro- 
duced no — at all, U. S. No. 1 produced a 5- to 7-ton per acre crop 
and U. S. 33 and U. S. 34 yielded at least twice as much. U.S. 12 
was more ‘curly top-resistant and still higher yielding. In 1941, 
U. S. 22 and in succeeding years, selections ‘from it—U. S. 22/2 and 
U. S. 22/3—were introduced. Under moderately severe curly top ex- 
posure these varieties produce 25 to 30 tons per acre, thus minimiz- 
ing damage from curly top. The 250,000 acres worst affected by curly 
top are now almost exclusively planted with “U. S.” varieties. 

Introduction of U.S. 15, a nonbolting and disease-resistant variety 
adapted for winter plantings, extended to California growers the 
benefits of curly top-resistance breeding. Varieties such as U. S. 33 
and U. S. 22 can only be used in C ‘alifornia in March and April sow- 
ings because of their tendency to go to seed (bolt) if planted earlier. 
U. S. 15 is essentially free from bolting even if planted in November 
and December. Furthermore, it is resistant to dow ny mildew and to 
rust. The variety is grown in the San Joaquin and coastal valleys 
of California, and is used almost exclusively in the Imperial Valley. 
Sugar beet culture in this vast agricultural region was made possible 
because of the nonbolting character of U.S. 15. The crop is planted 
in September and harvested in April and May thereby reversing the 
seasons. Under such a planting schedule, ordinary varieties are not 
usable because they go to seed. 

Development of improved methods of sugar beet growing.—Out- 
standing accomplishments include the finding of crop sequences for 
the humid area that give greatest vield advantage from the high- 
return sugar beet crop and that lessen black root damage; the demon- 
stration of proper irrigation practices for sugar beets in the Great 
Plains districts where light, cement applications begun early and 
totaling 18 to 24 inches constitute a more efficient water use than de- 
layed, frequent but heavy applications; the showing for Nebraska 
and Wyoming that the gains in acre-yields of roots in “9 years out of 
10 from very early planting greatly outweigh frost hazard, so that, 
in normal years, the acreage there is now largely planted before the 
middle of April; the finding for California, and elsewhere, that 200 
pounds of superphosphate (20 percent) per acre applied in the row 
with the seed is safe and about equals the returns from 400 pounds 
per acre applied broadcast; and the discovery that the occasional 
two and three plant hills in a field do not significantly reduce yields, 
thereby permitting attention in the mechanizing of thinning opera- 
tions to be focused on number of hills per acre instead of the number 
of plants. 











1336 AGRICULTURAL RESBARCH AND RELATED SERVICES 


Introduction of the leaf-spot-resistant varieties—U. S. 217, U. 8. 
200 x 216, U. S. 215X216, and U. 8S. 216 X226—to reduce losses from 
this wasting disease and to prevent crop failures in blight years. 
The new varieties yield from 10 to 15 percent more than the European 
varieties formerly grown, and are superior in quality. The degree 
of resistance obtained by the breeders is such that spraying or dusting 
to control leaf spot no longer is necessary, thus saving the sugar beet 
farmers in affected districts $7 to $10 per acre annually. These U.S. 
varieties are now used almost exclusively in the humid area. An 
added benefit comes from the fact that they hold their leaves well 
under blight epidemic, thus permitting the operation of such harvest- 
ing machines as the Scott-Urschel that depend on elevating the beet 
plant by devices that clasp the foliage. 

Proved hybrid vigor can increase sugar beet productivity, thus per- 
mitting the fixing by inbreeding of such characters as leaf spot resis- 
tance and then utilizing such resistant inbreds in hybrid combina- 
tions to obtain a vigorous, disease-resistant, high-yielding variety. 

Discovered the cytoplasmic male sterility factor in sugar beets that 
makes possible the efficient production of desirable hybrids. Already 
the principle, similar to that used in hybrid corn, is being utilized in 
production of the commercial variety, U. S. 216 MS 226. Hybrids 
of curly top-resistant strains soon will be released. 

Discovery of a new method for production of sugar beet seed by 
field overwintering the crop instead of lifting, topping, and pit siloing 
the roots and then transplanting in the spring as in the conventional 
European practice. This finding made possible the development of 
a domestic sugar beet-seed enterprise. Since all the labor of harvest 
and of transplanting roots is avoided, the method is economical and 
the yields obtained are often four times those obtainable by the Euro- 
pean method. First used on a large scale to produce seed of curly 
top-resistant varieties, it now has been extended to all varieties used 
in the United States. A total of 16 to 19 million pounds of seed is pro- 
duced annually in Arizona, California, New Mexico, Oregon, Utah, 
and other States, completely supplying our needs. ‘This research 
made us entirely independent of foreign countries for seed—a matter 
of utmost importance to the proper development of the industry. The 
seed shortage of World War I was not repeated in World War II, 
but on the contrary domestic growers exported several million pounds 
of seed to Europe. The domestic seed enterprise permits bringing 
new improved varieties to the farmers without delay and is a most 
significant factor in the improvement program. These and other re- 
search activities are conducted in cooperation with the sugar beet 
industry. 


F. SOME ADDITIONAL WORK NEEDED 


Development, by breeding, of varieties adapted to each major pro- 
ducing area is essential for increased production. Factors such as 
curly top, leaf spot, or black root resistance, need to be supplemented 
by those contributing resistance to other leaf and root diseases that 
keep production from reaching peak levels. Furthermore, special 
adaptation to climate and soils should be sought. 

Improvement, by breeding, of the quality of sugar beets, is needed 
but without sacrifice of disease resistance and yielding capacity. Not 
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only high sucrose content but also improved vitamin content of tops 
and pulp to make these byproducts more valuable as dehydrated feeds, 
should be sought. Glutamic acid content appears governed by genetic 
factors, hence it may be possible to breed for higher yields of this 
valuable chemical, which is used to enhance flavor of such foods as 
meats and soups. 

Discoveries of new and efficient cropping methods are vital to make 
the most of the new varieties and to keep sugar beet culture abreast of 
changing economic conditions. Increased labor costs, high land 
values, and a general rise in operating expense demand a Reitman 
restudy and reappraisal of all methods of culture in light of the 
current agricultural situation. 

Reestablishment and strengthening of fundamental studies in sugar 
beet physiology, biochemistry, pathology, cytology, and other basic 
approaches to furnish guide lines and directives for future research, 
are our greatest need. Reductions in appropriations have invariably 
been met by abandoning the long-view, basic projects in order to 
retain those having more immediate application to crop production. 
Research on the reactions of the sugar beet plant to its environment 
is necessary if we are to advantageously manipulate the environment- 
plant complex; we need to learn the enzymic processes whereby the 
sugar beet transforms simple chemical stuffs into complex carbohy- 
drates and builds up its nitrogenous compounds, if we are to get the 
most out of this sugar-making mechanism; we need to study the plant 
pathogens as they mutate to form new and more virulent strains that 
can nullify the present gains of breeding for disease resistance; for 
advances in sugar beet genetics, we need cytological information on 
cell and chromosome relations as directives of research. 


Sugarcane Propucrion, Breepine, Disease, AND QUALITY 
INVESTIGATIONS 


(BPISAE—a-6-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) breed, test, and introduce improved disease-resistant varie- 
ties of sugarcane adapted to soil, climatic, and agricultural conditions 
of the several producing regions, and (2) discover better and more 
efficient matheds of sugarcane culture. Special emphasis is placed on 
the development of high-yielding varieties of improved cold tolerance 
that will mature satisfactorily under subtropical and Temperate Zone 
conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-6—2-1—Evaluation of new disease-resistant sugarcane seedlings 
and of imported varieties. To determine the comparative yields of 
cane and sugar from disease-resistant seedlings and imported varieties 
of sugarcane adapted to soil, climatic, and cultural ooanditiens of sugar- 
and sirup-producing districts of southern United States. 

a-6-2-2—-Field practices in growing sugarcane. To determine the 
most advantageous field practices applicable to sugarcane varieties 
in present culture with particular reference to time of planting, depth 
of coverage, and size of seed piece. 
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a—6-2-8—Distribution and prevalence of sugarcane diseases. Plant 
disease studies are made in areas in which the crop is grown, including 
investigations of changes in the occurrence of specialized strains of 
disease | organisms and their effects on disease intensity in commercial 
varieties. 
a-§-2-4—Disease reaction of new seedling sugarcanes and of im- 
ported varieties. To determine the reaction of new seedling sugar- 
canes and of imported varieties to mosaic, red rot, and other diseases 
as a guide in their use as parent material for breeding purposes and 
in the selection of resistant varieties for commercial culture. 
a-6-2-5—Development of more effective means for controlling 
sugarcane diseases through improved field sanitation practices and 
other means. Control measures are studied for mosaic, red rot, root 
rots, and other diseases through the use of resistant varieties and 
special procedures are determined. 
a—6-2——Nature and natural means of field transmission of viruses 
and fungus and bacterial pathogens. To determine the nature and 
characteristics of the pathogens causing sugarcane diseases and the 
manner in which they spread in the field. 
a—6—2-7—Breeding and developing disease-resistant and otherwise 
improved varieties. To insure more profitable farm production of 
sugarcane by providing new varieties improved in disease resistance, 
y ielding qualities, tolerance of cold, and other desirable qualities. 
a—6—2-8—Maintenance of collections of valuable “original varieties” 
of aveees ane and related plants. An increasing group of sugarcanes 
and related plants now numbering 1,605 varieties secured from world- 
wide sources for field tests is maintained. These are essential as parent 
stocks for breeding improved varieties of sugarcane. 
a-6—2-9—Inheritance of disease resistance and other essential char- 
acters. ‘To determine the mode of inheritance of disease resistance, 
resistance to oe) injury, and other essential characters in seedlings 
as a guide in selecting parent sugarcanes and breeding improved 
varieties for cotininstesat culture. 
a—6—2-10—Environmental and other conditions responsible for de- 
terioration of sts unding and windrowed sugarcane. ‘To discover means 
of reducing losses of sugar in harvested cane and thereby preserving 
-” farm sale value of sugarcane intended for milling purposes. 
-§-2-11—Relative keeping qualities of sugarcane seedlings and 
of Sania varieties when windrowed or otherwise stored for milling. 
This work includes the determination of the relative keeping quality 
or resistance to deterioration of sugarcane seedlings and parent vari- 
eties to serve as a guide in the selection of varieties of good keeping 
qualities for breeding purposes and for commercial culture. 
a—6—2-13—-Fertilizers for sugarcane. To determine the best rate 
of application of fertilizers, including normal and minor elements on 
different soils for varieties of sugarcane in present culture and the 
most advantageous placement and timing of application for maximum 
growth and yields. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies of sugarcane for sugar production were started in 1915. 
Previcusly, very limited investigations concerning the culture of 
sugarcane for sirup had been conducted. Development of varieties 
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adapted to soil, climatic, and other requirements of domestic produc- 
ing regions began in 1918 with establishment of a breeding station at 
Canal Point, Fla. With the spread of mosaic and other diseases, 
which almost wiped out the domestic sugar industry between 1920 
and 1930, breeding for disease resistance became the prime objective 
in the early work. With progress already realized in development of 
productive varieties of satisfactory disease resistance, it is now pos- 
sible to place increased emphasis on the breeding of varieties combin- 
ing these and other qualities such as resistance to freeze injury, shad- 
ing capacity, and self defoliation, thus utilizing more and more the 
vast and diversified assortment of original forms of sugarcane as- 
sembled from world-wide sources. 


D. FUNDS—-AN NUAL EXPENDITURES 


Research work on sugarcane prior to 1915 was conducted jointly 
with several other activities; actual costs cannot be accurately segre- 
gated. Approximate annual appropriations averaged about $21,100 
for the period from 1915 to 1920 and increased for the decade 1921-30 
to an annual average of $63,700 when the work was expanded to meet 
the threat of mosaic and other diseases. Yearly appropriations ranged 
from $103,200 to $127,200 during the period 1931 to 1940 with an 
average of $115,400 and from $109,200 to $172,250 during the period 
1941 to 1950 with an average of $132,750. Appropriations for the 
fiscal year 1950 amounted to $157,190. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Developed mosaic-resistant varieties of sugareane—Spread of 
mosaic, a virus disease, in southern United States, reduced production 
of sugar to 47,000 tons in 1926 from an annual average of 280,000 tons 
during the preceding 20 years. The industry was practically bankrupt 
and threatened with extinction. The infectious nature of the disease 
was proved and it was found that the virus is transmitted by the corn 
aphid. Resistant hybrids developed by crossing varieties of tropical 
sugarcane with species of sugarcane originating in the Temperate 
Zone brought yield to levels never before attained. Annual produc- 
tion of sugar during the past 10 years has fluctuated between 400,000 
and 500,000 tons on an acreage not substantially greater than that 
which produced an average of 280,000 tons before the mosaic epidemic. 
To the new varieties must also be credited an increase of approxi- 
mately 15 percent in yield of sugar per ton of cane. 

Developed sugarcane varieties for windrowing—Windrowing of 
sugarcane in the field is a precautionary measure taken to guard 
against freeze injury. Varieties of superior disease resistance and 
yield quality that can be satisfactorily windrowed for a period of 6 to 
7 weeks have been developed. Use of these varieties of improved 
keeping qualities also reduces losses in sale value of cane from inver- 
sion of sucrose between harvesting and milling. 

Developed methods of weed control._—It was demonstrated that alli- 
gator weed and tie vines—weed pests of major importance—can be 
satisfactorily controlled without injury to sugarcane by spraying with 
various forms of 2,4-D. This method of control is now standard 
practice in the sugarcane district of Louisiana. 


78552—51—vol. 2-23 
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Guided changes in planting practices—It was discovered that 
hybrid varieties of increased hardiness now in commercial culture 
should be planted during late summer and early fall instead of in the 
spring as commonly practiced in southern United States for 150 years. 
This change in planting time is now essentially accepted throughout 
the producing region and has contributed substantially to improved 
yields and quality of cane; and furthermore, the timing of the 
planting operation corresponds with what is ordinarily a slack period 
in plantation activities. 

Discovered means to prevent losses of sugar in harvested cane.— 
Inversion of sucrose (a chemical change) causes important losses in 
the sale value of cane. It has been found that such losses in stripped 
cane can be largely prevented by sprinkling storage piles at intervals 
to maintain optimum moisture conditions. 

Developed means of eliminating insects and certain diseases in seed 
cane.—It was discovered that insects and many virus, bacterial, and 
fungus diseases can be eliminated by immersing cuttings of sugarcane 
in hot water at carefully controlled temperature. The treatment also 
increases the rate of germination. In shipping cuttings of sugarcane 
from one country to another the hot-water treatment to control 
diseases and pests has become standard quarantine practice all over 
the world. Practical application of this research has been made in 
Hawaii where commercial seed cane is treated on a large scale as a 
disease-control measure and to improve germination. 

Development of cold-tolerant cane.—Cold-tolerant varieties of 
sugarcane developed and placed in commercial culture will ordinarily 
tolerate temperatures of 27° to 29° F. standing in the field without 
serious deterioration. They are far more tolerant of cold than canes 


of tropical origin. The use of these new varieties has greatly reduced 
the need for windrowing as a precaution against freeze injury. It 
also permits a more extensive utilization of machine harvesters, since 
the latter cannot be used on windrowed cane. 


F. SOME ADDITIONAL WORK NEEDED 


Breeding high-yielding sugarcane varieties that have improved 
growth type to better meet requirements of mechanized operations.— 
Varieties of more uniform stalk length and greater resistance to 
lodging would add greatly to the efficiency of harvesters in present use. 
Field losses of 10 to 15 percent in available sugar from the use of 
harvesting machines on lodged sugarcane or cane of irregular height 
are not uncommon at present. In cases of severe lodging cutting 
must be done by hand. Uniform stalk length and resistance to lodg 
ing must be combined with capacities for high yield, high quality. 
and disease resistance. Varieties capable of more effectively sup 
pressing weeds by shading or other forms of competition need to be 
developed before such mass operations as flaming and disking can be 
completely substituted for hand weeding. 

Studies of field practices in relation to changed varieties and chang 
ing system of farming —Important changes in field practices, as illus- 
trated by a sharp advance in planting date already established as a 
result of research, may be required for the most effective utilization 
of present hybrid varieties of sugarcane derived partly from species 
of Temperate Zone origin. In addition, practices may have to be 
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modified to meet the needs of expanding mechanization. All cultural 
procedures should be critically reinvestigated in the hght of this two- 
fold change in the farming situation and with particular reference to 
mechanization in relation to rate of crop-plant development, stand 
preservation, disease control, weed control, and soil condition. 

Fundamental studies of physiological processes —Plant forms now 
being crossed in the development of sugarcane varieties were collected 
from regions of the world differing widely as to latitude and other 
factors affecting growth and maturity cycle. Observations in pre- 
liminary experiments indicate that more complete information on 
response of these original plant forms to photoperiod, temperature, 
light intensity, and other environmental conditions would permit a 
more effective use of the available material in the breeding of sugar- 
cane varieties for subtropical and Temperate Zone conditions. 

Studies of means of improving the germination rate of sugarcane.— 
Nearly one-third of the sugarcane acreage must be replanted each 
year. Planting rates are adjusted to allow for approximately 80 
percent of the viable buds remaining dormant in the soil. Studies 
of means of increasing the rate of germination without impairing 
the vigor of shoots or endangering overwintering should be initiated. 
More uniform germination of buds along the length of the stalk 
would permit important economies in the use of seed material and 
at the same time reduce the likelihood of gaps in stand. 


Suear Sorenum Propucrion, Breeprnc, Disease, ann QUALITY 
INVESTIGATIONS 


(BPISAE—a-6-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To develop improved, disease-resistant, high-yielding sugar 
and sirup sorgo varieties, and sugarcane-sorgo hybrids adapted to 
soil and climatic conditions of actual and potential regions of pro- 
duction, and to the requirements of sugar and sirup producers, and 
(2) discover better and more efficient methods of sorgo culture includ- 
ing weed control and fertilization. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a-6-3-1—Breeding and developing varieties of sorgo and sugar- 
cane X sorgo hybrids. To develop high-yielding, disease-resistant 
varieties of sorgo and hybrids of sorgo X sugarcane suitable for sugar 
manufacture as a supplementary crop in sugarcane and sugar beet 
regions. 

a~6-3-2—Maintenance of varieties of sorgo. Maintenance of a 
world collection of 1,106 varieties of sorgo in plantings at Beltsville, 
Md.; Meridian, Miss.; and Canal Point, Fla. 

a—6—3-3—Botanical studies essential in breeding sorgo. A study 
of plant characters of parent varieties and seedlings to determine mode 
of inheritance and to serve as a basis for accurate varietal descriptions. 

a-6—-3-4— Evaluation of sorgo varieties. To determine the com- 
parative yields of stalks and sugar from disease-resistant varieties of 
sorgo in representative sugarcane and sugar beet districts. 
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a-6—3-5—Studies of effect of varying field practices. Determina- 
tion of the most advantageous spacing of rows, time of planting, and 
other practices for highest production of sorgo stalks and sugar. 

a-6-3-6—Studies of reaction to diseases of varieties of sor go. De- 
termination of the susceptibility of imported varieties and seedlings 
of sorgo to leaf anthracnose, red rot, zonate leaf spot, and other dis- 

eases as a guide in the breeding and selection of resistant varieties. 

a-6-3-7—Nature and means of transmission of organisms causing 
diseases of sorgo. Studies of organisms causing red rot, leaf anthrac- 
nose, and other diseases and of means by which they are transmitted 
under natural conditions. 

a—6—3-8— Distribution and prevalence of sorgo diseases. ‘To deter- 
mine the distribution and prevalence of leaf anthracnose, red rot, and 
other diseases of sorgo in areas of potential commercial importance 
and to discover ways of preventing or reducing losses in crop yields 
due to diseases. 

a—6-3-9—Sugar sorghum soil fertility investigations. To deter- 
mine the best rate of application of fertilizers including normal and 
minor elements on varieties of sugar and sirup sorgo on important 
soils in present and potential regions of production. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Sorgo (sugar sorghum) introduced into the United States about 
100 years ago is widely grown in the South for sirup production and 
still more extensively grown in subhumid parts of the Great Plains as 
a forage crop. Rese: rch on sorgo as a source of sugar and sirup was 
started in 1883. Early phases of this work dealt largely with prob- 


lems of sugar manufacturing; during later years e mphas sis was shifted 
to problems of sirup manufacture and the evaluation and improve- 
ment of varieties for sirup making., Early efforts toward prac- 
tical utilization of sorgo in the manufacture of sugar failed because 
of difficulties arising from the presence of starch in the juice. When 
chemists of the Department announced progress toward perfecting a 
more satisfactory process for making sugar from sorgo, a comprehen- 
sive program of breeding, agronomic, and plant- disease research for 
the development of sorgo varieties adapted for sugar manufacture was 
initiated in 1942. Varieties assembled from world sources are being 
intercrossed in the breeding program. It is expected that varieties 
of value for sirup roduction will also be dev eloped. To meet agri 
cultural and hanttactael ‘ing requirements it will be necessary to com- 
bine in the ideal variety qualities of disease resistance, productiveness, 
and juice quality now found separately in the various forms of sorgo. 
It is anticipated that a high-yielding sugar sorghum will become a 

valuable supplementary crop in adapted sugarcane and sugar-beet 
districts thereby giving the farmer a new crop and at the same time 
increasing the period of use of expensive processing equipment at 
sugarcane mills and beet-sugar factories. 
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D. FUNDS-——-ANNUAL EXPENDITURES 


Research on sorgo prior to 1942 was directed primarily at problems 
of sugar and sirup manufacture. The relatively small amounts spent 
on sorgo research were included with other items and actual costs 
cannot be accurately determined from available records. Since 1942 
annual expenditures for research on the sorgo plant have ranged from 

$30,000 to $53,600 and averaged about $40,600. The appropriation for 
fiscal year 1950 was $51,330. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstrated promise of sorgo cultivation in California, —Selec- 
tions from varieties of “sugar” type sorgo developed in the breeding 
and testing program are showing notable promise in the Imperial 
Valley of California. The crop grown in the short period from June 
to October has produced yields of sugar per acre ¢ — ing favorably 
with annual yields obtained from sugarcane under Louisiana condi- 
tions. Pilot-plant experiments conducted by the industry have dem- 
onstrated the feasibility of extracting and manufacturing sugar from 
sorgo by standard factory operations. Use of sorgo as a supple- 
mentary source of sugar in this region would not interfere with the 
culture and processing of beets which are ordinarily planted in Octo- 
ber and harvested in the period from April through June, and would 
increase the utilization of expensive factory installations for proc- 
essing sugar beets. 

Deve lope d improved sorgo variety for sirup production. ‘The sorgo 

variety M. N. 1034 scheduled to be released in the near future for com- 
mercial culture in Alabama, Georgia, Mississippi, Tennessee, and 
other sirup-producing States has yielded from 10 to 15 percent more 
sirup per acre than the best varieties now cultivated. It is resistant 
to red rot and other diseases and produces large stiff stalks that re- 
main erect under conditions where other varieties will lodge severely. 


F. SOME ADDITIONAL WORK NEEDED 


Agronomic research should be expanded to provide extensive tests 
of varieties and selections as developed and to solve field production 
problems; thus field research in southern California should be ex- 
panded to include tests of additional promising varieties and of 
methods of planting, cultivating, and handling the crop under large- 
scale field conditions. Similar studies of sorgo as a supplementary 
crop to sugarcane should be conducted in southern Louisiana. Sorgo 

varieties suitable for sirup production should be tested in cooperation 
with State research agencies in Mississippi, Alabama, Georgia, and 
Tennessee. ‘The work should be expanded to include a greater assort- 
ment of varieties now becoming available from breeding activities. 
Regional nurseries to test reactions of larger groups of seedlings in 
districts that differ from each other in disease incidence and in other 
factors dominant in their effects on early selections should be 


established. 
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Dervetop, THroucH Breepinc AND Agronomic Trstinc, Improvep 
VARIETIES OF SUGARCANE AND SuGar Beer Sourrep ror Fury 
MecHANnizep Propucrion 


(BPISAE—RM: b-525—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To breed into existing varieties of sugarcane and sugar beets such 
additional characters as are necessary to permit these crops to be 
efficiently grown by fully mechanized operations and to appraise the 
various types as produced by breeders. Current emphasis is on assem- 
bling and then evaluating existing varieties of these crops for char- 
acteristics favorable to mechanical production, such as early growth 
in cane and desirable shape and production of single-germ seed in 
beets. 

B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b—525-1—Develop, through breeding and agronomic testing, 
improved varieties of sugarcane suited for fully mechanized produc- 
tion. The project seeks to find high-yielding, high-quality, and dis- 
‘ase-resistant varieties that can be grown with a minimum of hand 
labor, and that can be effectively harvested by machinery. 

RM: b-525-2—Develop, through breeding and agronomic testing, 
improved varieties of sugar beets suited for fully mechanized produc- 
tion. Object is same as for RM: b-525-1 except that it applies to 
sugar beets. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The project was initiated in July 1949. The advent of increased 
mechanization had demo: strated the need for varieties better suited 
for machine production and harvesting methods. 


D. FUNDS--ANNUAL EXPENDITURES 


The appropriation for both sugar beets and sugarcane was $30,000 
in 1950, of which $12,900 was allotted for sugarcane and $17,100 for 
sugar beet research. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of methods of rating sugarcane varieties as to suit- 
ability for mechanical harvesting provides criteria for evaluating 
existing varieties as well as new candidates from breeding program. 
The method is based on: (1) Measurement of sugar-bearing material 
in field residues following mechanical harvesting; (2) measurement 
of low-purity components of stalks as actually cut for the mill (im- 
mature joints and leaf rolls); and (3) analysis of extracted juices 
from such parts. Application of the method revealed the varieties 
giving the highest net return, i. e., most suitable for machine harvest. 
The method also serves to give some appraisal of the job done by 
the harvesting machine. 

Development, by breeding, of sugar beets with globose roots thai 
will harvest more easily and with less breakage, has started. Material! 
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from previous genetic studies was available, permitting initiation of 
intensive breeding and selection without loss of time. 

Discovery a monogerm sugar-beet plants producing monogerm 
instead of multigerm seed, has been announced. For elimination of 
hand labor to thin the seedlings in the spring, a seed unit that pro- 
duces a single plant in a place appears to have obvious advantage over 
the usual type of sugar beet seedball that produces a clump of seed- 
lings that must be finger-thinned to leave a single plant. Research 
indicates the character is governed by simple Mendelian factors and 
it should be readily incorporated into our commercial sugar beets to 
make them of monogerm type. 


F. SOME ADDITIONAL WORK NEEDED 


Expansion of the breeding project to include varieties suitable for 
mechanization under conditions in Florida was recommended by the 
Sugar Advisory Committee at its meeting March 15-14, 1950. The 

varieties grown in Louisiana do not now ordinarily meet Florida 
requir ements. 

Extension to include other important sugar-beet-producing areas.— 
Available funds have permitted the research to be undertaken to im- 
prove varieties for the curly top area (Utah and California), and for 
Colorado. Certain important districts such as the humid area and 
the northern Great Plains area use varieties different from those 
grown in the districts mentioned. No work directed to meet their 
needs is as yet possible. It would seem highly desirable to initiate, 
without further delay, companion breeding and agronomic projects 
to meet the requirements of these important districts. 


DEVELOPMENT OF Practices To Marnrain Sucar Conrent AND 
Quauiry or Harvestep SuGcar Beers ann SuGARCANE 


(BPISAE—RM: i—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Develop means of reducing losses of sugar resulting from 
deterioration of stalks, presence of tr: sh, and other causes, from sugar- 
cane harvested for milling, including sugarcane harvested by hand, by 
machine, and cane burned for the purpose of removing trash; and (2) 
discover ways and means for preventing loss of sugar from sugar beets 
in the period between harvest and processing for sugar. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-49-1—Develop practices to maintain sugar content and 
(uality of harvested sugar beets. To determine improved methods of 
handling and storage, improved methods of culture, and to evaluate 

varietal differences in keeping quality. 

RM : b-49-2—Develop practices to maintain sugar content and qual- 
ity of harvested sugarcane, including research on methods of piling, on 

effect of wetting piles, variety relations, and effects of burning. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


This project was initiated in October 1947 at the United States 
Sugar Plant Field Station, Houma, La., and at Salt Lake City, Utah. 
Sugarcane, after cutting, is piled in the field or at the mill for a period 
of a few days or a week before cr ushing. Recently, mechanical harvest- 
ing has been widely used—more than half of the 1949 crop being 
harvested in this manner. Harvested cane is usually allowed to stand 
in field hee aps until the leaves are dry enough to burn and then they 
are fired. ‘The burning of the foliage kills stem tissues and introduces 
entirely new problems in preventing deterioration in quality and 
spoilage of the crop. 

Thousands of tons of sugar beet roots are stored in unprotected piles 
at beet-sugar factories prior to processing for periods ranging from a 
few days to 1 or 2 months. Normal storage losses range “from about 
0.25 to slightly more than 1 pound of sugar per ton per day. Respira- 
tion accounts for nearly two-thirds of “this loss, spoilage caused by 
fungi the remainder. But, abnormally high losses occur frequently 
in that rotting of roots may increase the sugar losses 5- or 10-fold. 
Entire piles have been lost by decay 


D. FUNDS-—-ANNUAL EXPENDITURES 


Beginning with 1948, the expenditures on this project have been ap- 
proximately $20,000 per annum. The amount allotted for 1950 was 
$21,500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Respiration and inversion rate determinations.—Appropriate expe- 
rimental techniques have been developed for making preliminary 
varietal comparisons of these physiological functions. Results indi- 
cate that respiration is an important source of loss in sugarcane be- 
tween cutting and milling and that varieties differ significantly as 
to rate of respiration. Similarly, i inversion rates differ. The finding 
indicates that the factors that determine keeping quality may prove 
useful criteria for sugarcane selection work. 

Weed burner found useful to detrash piled cane——In a search for 
means to avoid delay between cutting of sugarcane and firing to elimi- 
nate trash, it was found that foliage of sugarcane in field heaps can 
be satisfactorily burned immediately : after cutting by use of a flaming 
device of the sort employed to burn weeds on ditch banks. In tests 
during 1949, deterioration following such a treatment was approxi- 
mately the same as occurred after bur ning of the foliage by simply 
igniting following 2 days of drying in the field, but further studies will 
have to be made before this procedure can be recommended for de- 
trashing under all conditions. 

Ventilation of storage piles by chill night air proves to be an entirely 
practical means of reducing sugar losses with sugar beets. The rec- 
ommended methods with various adaptations to fit local conditions 
are now widely used by the industry.. This research has guided fac- 
tory practice and has led to enormous improvement in the handling 
of sugar-beet roots. By forcing chill night air through the sugar-beet 
piles, temperatures were lowered, thereby slowing down respiration 
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and also preventing to a considerable extent the rotting of the roots. 
For the 1949 crop, from one-eighth to one-fifth of the total sugar-beet 
root storage, amounting to 28,000,000 ton-days, was in ventilated 
storage piles and with highly successful results. Sugar beets kept 
in ventilated storage piles may be safely held at least twice as long as 
those piled under ordinary conditions, making possible extension of 
the period of operation of the beet-sugar factory. 


F. SOME ADDITIONAL WORK NEEDED 


Plant disease research on the fungi and bacteria causing deteriora- 
tion of stored sugarcane.—Methods of handling cane and type of de- 
trashing, whether mechanical, burning, or chemical, influence the kinds 
and incidence of the micro-organisms that attack sugarcane stalks and 
destroy the sugar. Effective control aimed at reducing the serious 
losses rests on the determination of the organisms chiefly responsible, 
a study of their life histories and development of specific measures 
against them. 

Plant disease studies on control of storage rots of sugar beet should 
be stressed—Research work to date has emphasized physiological 
phases and has dealt chiefly with prevention of excessive loss from 
respiration. The practical measures employed for cooling the piles 
check, to some extent, the decay of roots by fungi. Nevertheless, attack 
by fungi is still the highly important source of sugar loss in roots 
stored for considerable periods. The present research p program attacks 
the decay problem by attempting to breed for superior ceeping quality. 
This is a long-time objective already showing definite promise. It 
needs, however, to be supplemented by intensive research on direct 
control measures against storage rots. 


Economics oF FARM MECHANIZATION AND OruerR IMPROVED 
TECHNIQUES—(SuGAr Berets) 


(BAE—RM-b-62—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) learn the extent of mechanization in sugar-beet production, 
and how adaptable it may be to different sizes of farms and to dif. 
ferent soils; (2) learn its effects on total and per unit labor require- 
ments and on output per worker, and the costs compared with costs 
when other methods are used; and (3) discover the extent to which 
mechanical harvesters and other machines can economically displace 
or reduce the labor for harvesting, hand blocking, thinning, and hoe- 
ing. The project has been completed in one State and is nearing com- 
pletion in three others. The work is cooperative between BAE and 
four State agricultural experiment stations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-62.1—Economics of sugar-beet mechanization in Weld 
County, Colorado; in the Red River V alley in North Dakota and Min- 
nesota, and in the Sacramento and Salinas Valley areas in California. 
To learn the status and efficiency of new machines and new practices 
in the production of sugar beets, and their effects on organization, costs, 
income, and production on representative farms. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


More than 30 years ago some work was done on costs, production 
practices, and farm returns from the sugar-beet enterprise, and scat- 
tered economic studies were made later. But mechanical harvesters 
have been improved lately, and new practices and new machines that 
are rapidly entering the picture have raised many practical economic 
questions. They include the practicability cae the effects of new 
methods on costs, yields, and profitability of sugar beets, and the con- 
ditions under which it would pay to scrap old methods and machines 
and adopt new ones. 


D. FUNDS—-ANNUAL EXPENDITURES 


Estimates of earlier expenditures are not available. For the cur- 
rent work about $30,000 was allotted in fiscal 1949 and $14,000 in 
fiscal 1950. ‘The work on current projects is nearly complete. About 
$2,000 will be expended in fiscal 1951 to complete the work. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Mechanical harvesters require only one-sixth to one-third as much 
labor to harvest an acre of sugar beets as does harv eating by hand.— 
In Colorado mechanical harvesters covered about 25 percent more 
acreage a day for each machine than the average hand-topping crew, 
and used only half as large a labor force. These were among the 
early findings of this study. Harvesting costs are reduced by one-half 
to two-thirds according to recent cost rates. In Colorado, the cost 
to harvest mechanically 1 ton of beets in 1947 and 1948 was $1.03, 
or $0.90 a ton less than the hand-topping mechanical loading system. 
Similarly, in the Red River Valiey in 1948, the costs were about $0.75 
a ton lower for the mechanical harvester system than for hand har- 
vesting. 

A grower with 20 to 25 acres of irrigated beets in Colorado or 20 
to 30 acres of nonirrigated beets in the Red River Valley can profitably 
adopt a mechanical harvester if he has average or better yields and 
cost relationships.—These are minimum acreages for economical oper- 
ations. Single-row harvesters covered an average of about 68 acres 
per machine in the Red River Valley in 1948. Most growers in north- 
ern Colorado can expect to harvest about 60 acres a year with a one-row 
harvester. 


F. SOME ADDITIONAL WORK NEEDED 


Similar work is needed in other areas which have soils, topography, 
or farming systems appreciably different from the areas covered by 
current projects. 

Follow-up studies when present practices and technologies chang: 
enough to demand new evaluations——Improvements in methods of 
cross blocking, cross cultivation, and other lines of spring work, show 
promise of being the next big advance in reducing hand labor in 
growing beets. As soon as these have been demonstrated to be tech- 
nically ‘feasible, it will be well to start detailed studies of their effects 
on farm costs, farm income, and the competitive position of sugar 
beets. 
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Suear-Beer Insect INVESTIGATIONS 


(BEPQ—I-d-10—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The current work is based on a long-range program to develop 
methods that can be used to control the beet leafhopper. The beet 
leafhopper is one of the most serious pests of agriculture in the West- 
ern States because it transmits curly-top disease during its feeding. 
This disease, known as western yellow blight of tomatoes, seriously 
affects the production of tomatoes, a number of varieties of beans, cu- 
cumbers, squash, pumpkins, cantaloup, garden beets, spinach, and the 
nonresistant sugar beets. It does not affect grasses. Introduced 
weeds which have followed the denuded range and abandoned lands 
sustain the pest in large numbers over a vast area. Currently, studies 
of desert, range, and abandoned lands for plants on which the leaf- 
hopper lives are being made to determine their relative importance as 
reservoirs of the disease and the classification of these plants as to the 
role they play in seasonal succession in supporting and maintaining 
the leafhopper. A fall-to-spring special annual study is made of 
conditions of the host plants and leafhoppers in the desert and range 
areas to determine how successful the leafhopper has passed the winter 
and when it may move to the cultivated areas. 

Curly top is particularly fatal to plants in the seedling stage ; there- 
fore, with information on the movement of the leafhopper from 
spring weeds to the cultivated lands the grower can time his plantings 
to avoid the initial impact of the leafhopper feeding on the seedling 
crop. Efforts are being made to develop an insecticide which will 
kill a high percentage of the leafhoppers or one which will repel it. 
An exceptionally high degree of control of the leafhopper is essential! 
to prevent the curly-top disease. The leafhopper can infect plants 
with the disease by feeding on them for 5 minutes. One infected leaf- 
hopper may feed on many plants during its course of feeding, or life- 
time. Cooperative studies are being made on land handling in rela- 
tion to weed control. Weeds favorable to the leafhopper follow 
grasslands which have been overgrazed. The solution of the problem 
lies in rehabilitation of the range, and abandoned farm lands from 
weeds to grass. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-10-1—Direct control of the beet leafhopper on seedling sugar 
beets. To develop insecticides which will control the beet leafhopper 
on sugar-beet seedlings and prevent consequent curly-top disease in- 
fection during the susceptible stage of the growth of the plants. 

I-d-10-2—Direect control of the beet leafhopper on garden beans 
grown for seed. To develop insecticides which will control the beet 
leafhopper on bean seedlings and prevent consequent curly-top disease 
infection during the susceptible stage of the growth of the plants. 

I-d-10-4—Leafhopper wild host plants and curly-top virus. To 
determine the identity, abundance, and distribution of the principal 
wild host plants of the beet leafhopper in its breeding areas which 
provide an abundant supply of the insect and of the curly-top virus 
transmitted by this leafhopper to cultivated crops. 
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I-d-10-5—Seasonal abundance of the leafhopper in relation to its 
movement from the desert to cultivated areas. ‘To provide the grow- 
ers of sugar beets, beans, and tomatoes with early-season information 
regarding the approximate time of movement of the beet leafhopper 
from its wild host breeding areas to the cultivated crops and the prob- 
able number of leafhoppers comprising the movement, in order that 
the growers can adjust the time of planting of susceptible crops and 
adopt other cultural practices to escape severe curly-top infection. 

I-d-10-7—Control of the sugar-beet root maggot. To develop effi- 
cient and practical methods for the control of the sugar-beet root mag- 
got on sugar beets by the use of soil fumigants and other soil insecti- 
cides, 


C. HISTORY AND EVOLUTION OF THIS WORK 


The relation between the curly-top disease and the leafhopper was 
not known until 1905. <A preliminary investigation of the problem 
was instituted in a small way by the Department in 1913 which had a 
duration of about 10 years. These early studies showed that the leaf- 
hopper was the only insect that could transmit the disease, that the 
disease could be carried over the winter in the body of the insect and 
transmitted to the weeds in the spring, and the spring brood of leaf- 
hoppers carried the disease from these weeds to cultivated crops. 
Work on the problem was again taken up in 1925 on a more extensive 
scale with headquarters in southern Idaho and the investigation ex- 
tended into Oregon, Washington, New Mexico, Texas, California, 
Colorado, Utah, Arizona, and Montana, during succeeding years. 
Currently the intensive work is confined to southern Idaho and Utah. 

From 1935 to 1949 work was also conducted on the beet leafhopper 
und several kinds of plant bugs as pests of beets grown for seed. This 
new industry was developing in the United States not only to produce 
seed of the old commercial types of beets formerly imported from 
Europe, but to produce seed of curly-top resistant types that had been 
developed in this country. The yield of seed was low and often a high 
percentage of the seed would not germinate because of the insect pests. 
Phoenix, Ariz., was headquarters for this work. 

The development of resistant strains of sugar beets and some varie- 
ties of beans and squash by plant breeders has resulted in stabilization 
of the sugar-beet industry in the intermountain region and commer- 
cial crop of dried beans, certain varieties of which can be grown suc- 
cessfully in many areas. However, the production of tomato seed 
and of bean seed for the green bean crop, 80 percent of which is pro- 
duced in Idaho, is still a precarious undertaking. Recent research on 
insecticides has given results justifying that emphasis be placed on 
insecticidal control experiments for preventing damage to the curly- 
top susceptible beans and seedlings of resistant sugar beets. 

The sugar-beet root maggot has caused damage in some fields in 
recent years and an investigation was started during the spring of 
1950 to devise an insecticidal control for this pest. 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual expenditures from 1913 to 1919 averaged about $7,000. No 
estimates are available for the fiscal years 1920 to 1927, inclusive. 
The expenditure for 1928 was $29,000; 1929, $40,000; and 1980, $115,- 
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000. Average annual expenditures for 1931 to 1935 were approxi- 
mately $87,000; for 1936 to 1949, $74,000; 1941 to 1945, $60,000; and 
for 1946 to 1950, inclusive, $55,000. The estimate for 1950 is $38,000. 
In addition to the above, a total of approximately $1,600 of industry 
funds was expended during the fiscal years 1946 to 1948, inclusive. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Desert or range-land weeds found reservoirs of beet leafhopper 
breeding and the curly-top disease—A study of the leafhopper in 
the uncultivated area showed that it fed and multiplied on several 
kinds of weeds, the important ones being the mustards, and that these 
plants are infected with the virus of curly-top disease and serve as 
reservoirs for infecting all beet leafhoppers that feed on them; and 
that when these weeds Presale unsuitable as food infected leafhoppers 
fly to cultivated fields carrying with them curly-top disease. 

Principal weeds on which the leafhopper feeds and multiplies 
delimited.—Extensive cooperative field surveys resulted in the map- 
ping of the location and extent of the principal breeding areas of the 
beet leafhopper in Idaho, Oregon, Washington, Montana, Utah, 
Wyoming, Colorado, New Mexico, Arizona, and Texas. This informa- 
tion is essential as a basis for formulating a program of proper range 
management which will reduce or eliminate weeds and restore the 
land to grass, thus reducing the leafhopper menace. 

Annual early season report of expected leafhopper conditions of 
benefit to growers.—Studies on the fall germination of weeds that 
serve to sustain the leafhopper in its winter quarters and the effect of 
weather conditions, snow coverage, and low temperatures on the 
survival of the leafhopper and conditions of spring host plants have 
led to a basis for issuance of a reasonably accurate statement annually 
on when the leafhopper will be found in the cultivated fields. The 
grower, with this data available, can oftentimes govern his planting 
date to miss the impact of the leafhoppers feeding on the seedling 


crop. 

Leadi of significant nature obtained on insecticidal control of beet 
leafhopper.—Results obtained lately by the use of insecticides, both 
as killing agents and repellants, to protect the seedling stage of sugar 
beets and beans show promise of the discovery of a material which will 
give a high enough degree of control of leafhoppers to prevent infec- 
tion by curly-top disease. 

Studies on spring and fall movement of leafhopper and location 
of winter quarters in California aid in a control program.—aA detailed 
study of the movement of the leafhopper from and to its winter quar- 
ters in the foothills of the San Joaquin Valley, Calif., and how it 
affected the crops in this and the Sacramento Valley aided in insecti- 
cidal-spray and weed-control program initiated by a sugar company 
and later considered by the State. 

Increased yield of high-quality beet seed resulted from control of 
plant bugs.—It is estimated that an increase of $500,000 in income to 
the growers of sugar-beet seed resulted from the discovery of pyre- 
thrum-sulfur and DDT-sulfur and the method of application for the 
control of the several species of plant bugs which attack seed beets. 

Early insecticidal treatment and early planting solved the leaf- 
hopper problem on sugar be ets grown for S¢ ed.—The st udies of the 
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leafhopper problem showed that early-planted seed up to a thick 
stand were comparatively free from curly-top damage, and that on the 
seed crop the leafhopper populations and incidence of disease could 
be controlled by spraying with pyrethum-oil spray. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to the current research there is an immediate need for 
development of control measures for webworms, flea beetles, blister 
beetles, and the crown borer. Sugar beets are periodically attacked 
by destructive numbers of webworms, flea beetles, and blister beetles 
which are common pests wherever sugar beets are grown. The sugar 
beet crown borer is very destructive sometimes in Utah. No com- 
pletely satisfactory control measures are known for any of these 
species of insects. There is need, therefore, for a thorough investiga- 
tion to determine the value of the newer insecticides for combating 
these pests, including the effect of each of the available insecticide 
materials on the insects, on the plants, and on the soil. Proper allow- 
ance must also be made to avoid harmful residues on the beet tops in 
areas where these parts are used as forage for livestock. 


INVESTIGATIONS OF INSECTS ATTACKING SUGARCANE 
( BEPQ—I-e—-11—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to determine the distribution, impor- 
tance, and biology of insect pests of sugarcane, and to develop meas- 
ures for their control. The borer is the most important insect pest of 
sugarcane in the United States and causes an annual loss of several mil- 
lion dollars. It also attacks corn, sorghum, and rice in the Gulf coast 
area, with a total annual damage to these crops almost equal to that 
caused to sugarcane. Several other locally injurious insect pests of 
sugarcane are the sugarcane beetle, gray sugarcane mealybug, sugar- 
cane weevil, and wireworms. Some of less importance are the West 
Indian sugarcane fulgorid, West Indian sugarcane mite, lesser corn- 
stalk borer, fall armyworm, and a number of small soil insects. Sev- 
eral species of plant lice are important because of their ability to 
transfer the dreaded sugarcane mosaic disease, and the sharp-nosed 
grain leafhopper because it is a carrier of the chlorotic streak disease 
of sugarcane. The current work is concerned chiefly with (1) an 
appraisal of resistance to the borer of sugarcane varieties which are 
being considered for release to growers; (2) the testing and improved 
application of new insecticides; (3) cultural methods of insect con- 
trol; and (4) the importation of natural enemies of the borer. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-e-11-1—Cane varieties resistant to borer. To find varieties of 
sugarcane resistant to the borer for commercial planting or use as 
parent stock in the sugarcane improvement breeding program. 

I-e-11-2—-Cultural control of borer. To develop and improve cul- 
tural methods for control, such as summer versus fall planting, re- 
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moval of “dead hearts” (infested plants) in the spring, and clean-up 
of cane trash and grasses harboring overwintering borers. 

I-e-11-3—Insecticidal control of borer. To develop and improve 
practical methods for insecticidal control. 

J-e-114—Biological control of borer. To utilize natural enemies 
of the borer as an aid in its control. 

I-e-11-5—Insecticidal control of soil insects. To develop practical 
methods for insecticidal control of soil-inhabiting insects and related 
forms of animal life attacking sugarcane. 

I-e-11-6—Surveys of abundance and importance. To determine 
the distribution, abundance, and importance of insects attacking 
sugarcane. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on sugarcane insects and their control was started in Louisi- 
ana and Texas about 1913. For years it has had the interested sup- 
port of the American Sugar Cane League. In 1925 the league erected 
buildings at Houma, La., to provide office and laboratory space for 
several sugarcane research units of the Department. The Depart- 
ment entomologists engaged in research on sugarcane insects, who 
had been located at New Orleans, were gradually moved to Houma 
during 1929-34, which has since been their headquarters. More re- 
cently larger and better laboratories have been built there at league 
and Federal expense. Emphasis during the earlier years was placed 
on a detailed study of the sugarcane borer and its control, particularly 
by cultural methods and by the utilization of its natural enemies. 
The insecticides available at that time were not effective against this 
insect. An intensive study made from 1933 to 1935 showed that mass 
liberations of an important insect of minute-size parasitic on the 
eggs of the borer, which had been advocated by some entomologists, 
did not increase its value in Louisiana. Investigations conducted at 
Houma to determine which insects were capable of transmitting the 
mosaic disease, and to find a means for reducing their numbers, showed 
that several species of plant lice can spread this disease and that the 
production of good varieties highly resistant to it proved to be the 
best solution of the problem. 

In 1937 good control of the borer was obtained in experimental 
plots with eryolite dust, although previous tests with a related com- 
pound, sodium fluosilicate, had been unsuccessful. Cryolite was fur- 
ther tested during the next few years until, in 1941, it was possible to 
recommend this insecticide for commercial use. More recently, ryania 
was found to be as satisfactory as cryolite and in 1950 it was also ree- 
ommended for practical use. Both eryolite and ryania are now being 
used extensively as indicated by the fact that 62,000 acres of sugar- 
cane in Louisiana were treated with one or the other of these insecti- 
cides in the spring of 1950. 

Considerable attention in recent years has been given to tests of 
sugarcane varieties to determine their resistance or susceptibility to 
the borer, particularly as an aid to the breeders in their sugarcane 
improvement program. The results of this work are proving profit- 
able. In addition to the large amount of research done on the sugar- 
cane borer, which is by far the most important pest of sugarcane, many 
studies have been conducted on other insects injurious to that crop, 
and means for the control of several of them have been found. 
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D. FUNDS—-ANNUAL EXPENDITURES 


From $3,000 to $6,500 were spent annually for research on sugar- 
cane insects over the period 1913-19. Funds for the work on sugar- 
cane and rive insects were carried in a single appropriation item ia. 
ing the period 1920-28, and included between $6,500 and $9,000 each 
year for expenditures on insects of the sugarcane. In 1928 a special 
sum of $45.00 was made available for a large-scale trial of sodium- 
fluosilicate for borer control. In 1929 about $25,000 was allotted to 
sugarcane insect investigations and annual expenditures since that 


year have varied up to $37,500 . In the fiscal year 1950 the allotment 
was $34,900. 


E. SOME OUTSTANDING ACCOMPLISHMENTS 


Ewtensive biological information obtained provides basis for prac- 
tical control methods.—Studies on distribution, habits, food siaate, 
and natural enemies of the sugarcane borer are the foundation for the 
future development of all practical methods of controlling this insect. 

Cultural practices worked out to destroy overwintering borers.— 
Thorough clean-up of pieces of millable cane at harvest time, burning 
all cane trash and large grasses harboring borers in and around fields, 
lower cutting of the cane at harvest, roguing out “deadhearts” (in- 
fested plants) in the spring, and planting seed cane that is free from 
borers, greatly reduce the degree of infestation and damage to the crop. 
Parasites introduced from the West Indies and South America have 
become an important factor in natural control of the borer in Florida. 

Mass liberations of a small parasite of eggs of borer shown ineffec- 
‘ive.—Experiments conducted in Louisiana during 3 years showed that 
the effectiveness of this very beneficial parasite was not appreciably 
increased oy this practice and therefore the cost of rearing and releas- 
ing it can be saved. 

Development of cryolite and ryania dust proved profitable bore 
control._—As a result of extensive testing, cryolite was recommended in 
1943 and ryania in 1950. Either material gives over 90 percent. con- 
trol of the first generation of the borer in thespring. With very severe 
infestation in prospect in the spring of 1950, the Louisiana State Legis 
lature appropriated $250,000 to assist growers in buying these insect 
cides. About 62,000 acres of sugarcane which needed treatment were 
dusted, mostly with aircraft. This dusting program was considered 
of much value in reducing borer infestation. 

Sugarcane varieties found relatively resistant to borer—Eleven 
varieties have shown marked resistance to the borer. Approximately 
25,000 varieties and crosses have been rated for their resistance over 
the past 10 years as an aid to the breeders in their sugarcane improve- 
ment program. One resistant variety is recommended for planting 
in areas of heavy borer injury and growers are advised to refrain from 
planting several of the most susceptible varieties in such areas. 

Other injurious insect pests of sugarcane studied and controls for 
some of them made available, such as summer rather than fall planting, 
extra thick planting of seed cane per acre, and use of soil insecticides, 
for control of wireworms and other insects that attack the roots of 
sugarcane. 
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Mosaic disease of sugarcane carried by insects.—Several species of 
aphids have been found to transmit the mosaic disease of sugarcane 
and one kind of leafhopper is a carrier of the chlorotic streak disease. 
The control of these carriers may prevent the disease. 


F. SOME ADDITIONAL WORK NEEDED 


Tests of new insecticides for control of sugarcane insects. Some of 
the new and extremely powerful chemicals, which are proving so ef- 
fective in the control of other insects, should be tested against the borer 
and other pests of sugarcane. Some of them may be found better and 
cheaper than cryolite or ryania. 

Appraisal of sugarcane borer resistance of varieties of cane being 
considered for release to growers. ‘The breeders are developing new 
varieties of sugarcane each year which need to be rated for their resist- 
ance to the borer. 

Importation and colonization of parasites of the borer—Two para- 
sites are now being reared in Trinidad, British West Indies, for im- 
portation into Louisiana, and it is planned to obtain other species from 
South America. The project is being partly financed by the American 
Sugar Cane League. 

Purther study of the value of different cultural control methods, 
especially against the borer, is needed, in view of changing crop prac- 
tices, increased use of fertilizers, and extensive insecticidal treatment 
of sugarcane. 

Sugarcane insect studi. 8 should be continued in southern Florida 
and initiated in Puerto Rico, where the known control measures are 
less effective than they are in Louisiana. 


CROSS REFERENCES——-PRODUCTION 


For additional information especially pertinent to production sub 
jects reported on in this chapter, see also— 


BAE—A-—1-20, Chapter 24, organization and operation of farms. 

BAE—RM: b-62, Chapter 24, economics of farm mechanization. 

BEPQ—I-d-11, Chapter 14, wireworms. 

BPISAE—b-11-3, Chapter 18, introduction and evaluation of speciality crops. 

BPISAE—b-—12-1, Chapter 31, nematode studies. 

BPISAE—<a-1-3, Chapter 22, sugar beet growing under irrigation. 

BPISAE—e-—1+4, Chapter 30, specialized crop production and harvesting ma 
chinery. 

BPISAE—RM: b-57, Chapter 31, weed control. 

BPISAE—BEPQ-RM: b-68, Chapter 30, equipment and formulations for in- 
secticides. 

BPISAE—BDI, BAE-RM:b-99, Chapter 22, phosphorus fertilizer studies on 
sugar beets. 

BPISAE—q-2-2, Chapter 38, plant disease survey. 

OES—b-—1-11, Chapter 31, control of insect pests and diseases. 
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B. UTILIZATION 


SuGArs AND Sirups Investieations, Inctupine CHeMIstry, 
TECHNOLOGY, Processtne, AND UTinizaTION 


(BAIC—b-2—Federal—Regular Funds) 
(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and improved methods of processing sugarcane for 
more efficient and complete recovery of sugar, and for the recovery and 
utilization of byproducts. Current work concerns the application of 
practical remedies for difficulties in clarification and processing of the 
quality of cane now available, and the complete separation from mo- 
lasses of industrially valuable organic acids, waxes, and other useful 
materials. Work of a fundamental nature is directed toward the 
complete elucidation of the composition of sugarcane and juice, and 
the precise determination of the chemical changes effected by various 
oonitions and methods of clarification of the juice. Additional work 


is also conducted on the utilization of sugar together with a wide 
variety of other agricultural products in confectionery. The research 
on candy is carried out under a memorandum of andecoteditlions with 
a trade association which cooperates in the evaluation of new products 
and processes and provides a candy maker to prepare experimental 
batches of candy. The Bureau of Dairy Industry cooperates in candy 
research involving the use of dairy products. 


B. CURRENTLY ACTVE LINE PROJECTS 


b-2-1-1—Use of stabilizers for fats contained in candies. To deter- 
mine the effectiveness of antioxidants in preventing the development 
of rancidity in fats incorporated in candies, in order to expand the use 
of both vegetable and animal fats in the confectionery field. 

b-2-1-2—Development of improved candy-making techniques. To 
maintain and expand the use of sugar and sirups in candy making by 
improving the efliciency of production and control of quality of various 
types of candies. 

b—2-1-3—Utilization of a wider variety of agricultural products in 
confectionery. ‘To expand the use of a wider variety of agricultural 
products together with sugar in confectionery by developing new and 
improved candy formulas incorporating such new ingredients. 

b-2-14—A ids and methods for more effective clarification of sugar- 
cane juice. ‘To develop remedies for difficulties in clarification of juice 
from certain varieties of cane, and to apply improved clarification 
methods and reagents to increase processing efficiency and yields of 
sugar. 

b-2-1-5—Recovery and evaluation of biologically active substances 
from sugarcane. ‘To concentrate and isolate from sugarcane juice, 
in active form, substances having valuable pharmaceutical properties, 
and to evaluate such substances with the cooperation of interested 
pharmaceutical research laboratories. 

b-2-1-6—Processing of molasses by ion exchange for recovery of 
byproducts and additional sugar. To develop the most economical 
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and efficient application of ion-exchange methods for the separation 
of byproduct acids and crystallization of additional sugar from mo- 
lasses in maximum yields. 

b-2-1-7—Composition of sugarcane and mill juice. To apply mod- 
ern techniques to the isolation and study of the chemistry of the con- 
stituents of sugarcane and juice, as a basis for developing more effective 
clarification and crystallization procedures. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigations of problems of the existing cane-sugar industry had 
been conducted by the Government even prior to the ‘establishment of 
the Department of Agriculture in 1861, and research on sugar crops 
was a major part of the early program of the Department. In sae 
work of the Division of Chemistry, created in 1862, this research was 
expanded and major contributions were made tow ard establishing the 
domestic beet-sugar industry during the last quarter of the nineteenth 
century. During that period extensive studies were made of the pos- 
sibilities of sorghum, as well as sugar beets, as a domestic source of 
this commodity. Up to 1900 one- -fourth of all of the publications of 
the Division o Chemistry dealt with subjects pertaining directly to the 
sugar industries, both cane and beet. Extensive fundamental scientific 
work on the structure and chemical properties of sugars was conducted 
from 1910 until about 1930. Following this period, important assist- 
ance was given to the beet-sugar industry in improving production 
practices and standardizing the quality of ‘beet sugar, ae in reducing 
the losses of sugar occurring in sugar-beet storage piles. Simulta- 
neously, work was carried out on the production of farm-made sirups 
from both sugarcane and sorghum, and many producers were aided in 
developing better grades of sirup. At various times programs of 
research were undertaken to dev ae improved methods of candy 
manufacture as an outlet for sugar. Emphasis in recent years has 
been on increased efficiency of sugarcane processing with better control 
of the manufacturing process, and on the recovery “of byproducts, such 
as sugarcane wax and aconitic acid. 


D. FUNDS-—-ANNUAL EXPENDITURES 


No estimates can be made of expenditures during early years, when 
this work was not differentiated from the general program of the 
Division of Chemistry, but it constituted the ; major part of this pro- 
gram from about 1870 to 1910. Average expenditures for research 
on sugars and sirups from 1920 to 1931 may fe roughly estimated at 
$25,000 annually. Annual expenditures from 1932 to 1943 ranged 
from approximately $40,000 to $60,000. For subsequent fiscal years 
the expenditures have averaged $65,700. The amount for 1950 was 
$52,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Establishment of the domestic beet-sugar industry was stimulated 
and advanced by extensive research on the chemical composition and 
methods of processing of sugar beets. Investigations of the possibili- 
ties of sugar production from sorgo and other. crops, as well as beets, 
gave impetus to the development ‘and provided technical data as the 
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basis for sound establishment of beet-sugar production in 17 States. 
Sugar beets are today the major domestic source of sugar. 

The quality of beet sugar was improved and standardized as a direct 
result of the Department’s research, so that the product of this industry 
is on a par with refined cane sugar. Accurate methods of analysis 
were perfected and applied to the determination of quality rating fac- 
tors of composite samples of the sugar produced annually at each 
factory over a period of many years. On the basis of these results, 
factory practices were improved and sugar of more uniform quality 
was produced throughout the industry. 

Methods of minimizing losses of sugar in beet storage piles have 
been developed as a result of investigation of the causes and rates 
of loss of sugar in stored beets. The magnitude of the loss was accu- 
rately determined and shown to be due largely to respiration of the 
beets, which can be kept at a low level by practical means of main- 
taining low storage temperatures. 

Improved conditions for processing both cane and beet sugar and 
ehadtlioe for processing difficulties were made possible by fundamental 
studies on the chemical properties and structures of the sugars present 
in the juices and of related sugars. Major contributions were made 
to this basic field of research, which extended and perfected the 
knowledge of the chemistry of sugar in general. 

Improved clarification of sugarcane juice—Improvements in proc- 
essing and recovery of sugar were made possible by contributions to 
the study of factors affecting clarification, and the chemical changes 
involved. Determination of the composition of juice from canes of 
different varieties, particularly of the nonsugar constituents which 
affect clarification and interfere with the crystallization of the sugar, 


contributed to the selection of more suitable varieties and made pos- 
sible improvements in processing methods. Studies have been com- 
pleted on the effect of ey of the cane, and the presence of tops 


and trash in mechanically harvested cane, on composition of the juice 
and its processing quality. 

Avoiding losses of sugar in cane between the time of harvesting and 
milling.—The importance of prompt milling of cane after harvesting 
has been established, with the result that substantial quantities of 
sugar have been saved, and returns to the growers and processors 
have been increased. 

Farm production of sirups from both sugarcane and sorghum on 
thousands of farms has been sustained largely as a result of extensive 
research on improved practical methods of sirup making, and simple. 
effective means of control of sirup quality. In the course of this 
work simple equipment for sugar boiling was developed and farmers 
were instructed in its use and in the best practices for obtaining sirup 
of high quality. Research in this field was extended to assist pro- 
ducers of maple sirup and sugar, and extensive aid was rendered to 
honey producers as a result of research on the development of 
improved apparatus and methods for preparing honey for market. 

The utilization of sugar in candy making was improved and ad- 
vanced as a direct result of extensive research on behalf of this 
industry. Development of the candy test for sugars provided a better 
basis for proper cooking of sugar candies. The application of the 
enzyme invertase to the production of cream ekulion was a major 
advance in the candy-making art. 
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Resumption of the recovery of sugarcane wax as a byproduct of the 
cane sugar industry was stimulated by investigations in recent years 
on the composition of the wax and methods of recovering it by extrac- 
tion of the clarification residues. Techniques for refining the crude 
wax and determination of the nature of the impurities present con- 
tributed to the establishment of commercial production of a high 
grade of wax, which has many possible applications. 

Recovery of aconitic acid, a constituent of sugarcane.—Aconitic acid 
is being recovered commercially as a direct result of research on the 
properties of this acid and its salts, and the development of a simple 
and economical recovery process. Substances made from this acid 
are finding use in the plastics and detergents industries. About one- 
half million pounds are being produced ‘annually, valued at approxi- 
mately $150,000. Commerci ial production is being expanded to meet 
the demand for the acid, which currently exceeds the supply available 
as a byproduct of cane sugar manufacture. 


F. SOME ADDITIONAL WORK NEEDED 


Study of the composition of sugarcane.—While extensive investi- 
gations have dealt with the mineral nonsugar constituents of sugar- 
cane and juice, the knowledge of the organic nonsugar constituents 
remains incomplete. Some results of early work on the organic acids 
and pigments are now in doubt in the light of advances in methods 
and present knowledge of organic chemistr y. Newer techniques have 
been developed which are capable of solving problems in the isolation 
and complete identification of constituents of the cane, including 
complex pigment materials and colloidal substances. Application of 
these new techniques to the thorough investigation and characteriza- 
tion of all of the nonsugar substances present In cane juice is necessary 
as a basis for further advances and improvements in processing 
methods and recovery of sugar, as well as for the recovery of addi- 
tional byproducts. 

Investigation of changes effected in clarification of cane juice—With 
more accurate information made possible by new methods of isolation 
and identification of the constituents of sugarcane juice, systematic 
investigation is needed for the detailed changes effected by various 
clarifyi ing agents under different conditions. Sugarcane juice is not 
a uniform material and varies in composition, depending upon variety 
and conditions of growth. Besides these variations in the material 
handled in any one season, the continual breeding and introduction 
of improved and more resistant canes results in a complete change in 
varieties every 10 years with a consequent change in composition of 
the juice to be processed. Basic investigations ‘will be necessar y to 
establish systematically the adaptation of clarification proc edure 
required to handle juice of changing composition. 

Improving recovery and utilization of byproducts of sugarcane- 
Further work is needed to improve the yield and economy of the 
process for recovery of aconitic acid from sugarcane molasses. This 
would permit extension of the process to molasses of re ‘latively low 
acid content. In addition, research is needed on isolating and deter- 
mining the amounts of other organic acids and compounds of poten- 
= byproduct value so that methods for their profitable recovery 

‘an be worked out. Additional work is needed on the composition 
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and uniformity of wax extracted from clarification residues, and on 
the nature of useful substances obtainable from the impurities sep- 
arated in refining the wax, so as to establish this byproduct industry 
on a basis of maximum profit to the cane sugar processing industry. 


IMPROVEMENT OF QUALITY AND FLAvor or MAPLE Srtrup AND OTHER 
Marte Propucts 


(BAIC—RM: a-152—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve the quality, flavor, and uniformity of maple sirup and 
other maple products, and to develop new and extended uses for these 
products. The current work is concerned primarily with fundamental 
studies on the composition of maple sirup in an effort to find what 
components and what chemical reactions are responsible for the char- 
acteristic maple flavor. It is expected that these studies will lead to 
the development of better methods of processing sap to sirup; to 
improvement in the quality and uniformity of maple sirup, now 
subject to variation because of seasonal changes and other factors; 
and to the development of new maple products and the creation of 
new markets. Work is in progress on the development of technologi- 
cal aids for the benefit of the farmer-producer. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—152-1—Chemical engineering investigations on methods for 
improving the quality and flavor of maple sirup and other maple 


products. ‘To develop new and improved methods for the processing 
of maple sap to mop sirup, and to develop methods for the processing 
of new maple products. 

RM: a-152-2—Identification and improved utilization of the flavor- 
iy constituents of maple products. To identify the substances and 
chemical reactions which give rise to the flavor and color of maple 
sirup and maple products; to develop methods for improving the 
quality of maple products; and to develop new products and new uses 
based upon these studies. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The making of maple sirup and other maple products is one of the 
oldest of our farm enterprises. Maple sap is one of the few farm 
commodities that have to be processed on the farm before a salable 
product is obtained. The methods and equipment used for process- 
ing maple sap are much the same today as ehialy were 100 years ago. 
Since maple products are high-priced luxury foods, considerable em- 
phasis in past research has been given to detection of adulteration, and 
to finding the cause of contamination with lead and ways to remove 
it. Virtually no fundamental research on the flavor, color, and com- 
position of maple sirup and maple products was done before the 
present project was begun. The need for such work was recognized 
by the maple sirup industry, certain State agencies, and by the De- 
partment of Agriculture. 
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D. FUNDS—ANNUAL EXPENDITURES 


The funds expended for this project in the fiscal year 1950 were 
approximately $21,000; for 1949, $25,000; and for 1948, when the 
project was initiated, $11, 000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Permanent glass color standards for maple sirup—aA simple, inex- 
pensive color comparator, fitted with amber glass color standards, was 
developed for use in the grading of maple sirup. These permanent 

rlass standards are now the official United States Color Standards for 
Maple Sirup. They replace the previous standards, which were 
colored solutions of caramel in glycerin, and which were not satis- 
factory because they slowly changed color and had to be replaced each 
year. The adoption of the new standards, along with the greatly 
improved comparator or viewing box, has already ‘led to more precise 
grading of maple sirup. These color grading sets were made commer- 
cially available at the beginning of the 1950 maple season, and about 
230 sets are now in use by Federal and State inspection services, pro- 
ducers, and industrial firms. 

Development of a new maple product, a “high-flavored maple” 
sirup.—Preliminary fundamental investigations on the flavor and 
color of maple sirup have led to the development of a “high-flavored” 
maple sirup. This product has a maple flavor which is four to six 
times as concentrated as that of the starting sirup. The high-flavored 
sirup can therefore be used to make a superior fu ull-flavored blend by 
diluting it four- to six-fold with cane-sugar sirup. The resulting 


blend differs very little in flavor from that of pure maple sirup; in- 
deed, blends made in this way have been judged by many as superior 
to maple sirup blends now commercially available. In addition to 
its use in making inexpensive high- quality blends, the high-flavored 
maple sirup is expected to find use as a food-flavoring agent. This 
development is quite recent, but already a farmer cooperative and at 
least one commercial concern are starting its commercial production. 


F. SOME ADDITIONAL WORK NEEDED 


Botanical factors affecting quality of maple products—Ilt is sus- 
pected that the sugar content of the sap, and bacterial spoilage of the 
sap, affect the composition of maple sap and the quality of the maple 
sirup. There is need for a systematic study of the relationship of 
these factors to the quality of sap and sirup so that the problems of 
improving quality and processing methods can be more effectively 
solved. 

Research on caramelization of sugars. —It is suspected that one of 
the flavor components of some maple sirups is a caramel flavor. In 
order to identify the compounds and reactions that are responsible 
for maple flavor, it will be necessary to know more about the condi- 
tions and causes of caramel formation. If caramelization occurs, off- 
flavors and additional color are produced. No reliable tests now exist 
for detecting caramel formation in maple sirup. 

Development of instruments for determining when, during the 

evaporation of sap, standard sirup has been produced.—Maple sirup 
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is of necessity farm-processed, and the farmer-processor must know 
the exact instant for the withdrawal of the boiling sirup from the 
evaporator. Withdrawing it too soon results in a Rahtwsight, sub- 
standard sirup, and overboiling it results in a heavy sirup from which 
sugar will crystallize, yielding an unsatisfactory product. Today the 
thermometer and the hydrometer are used to measure the point during 
the evaporation when finished sirup is obtained; both of these instru- 
ments, however, leave a great deal to be desired. 

Miscellaneous technological problems which should be studied in- 
clude the development of a simple and effective way to prevent scale 
formation in evaporator pans, or means for scale removal ; the develop- 
ment of satisfactory procedures for packaging maple sirup, includ- 
ing a study of methods for cold and hot packing; and the development 
of simple tests for “total sugars” and for “reducing sugars” in maple 
sirup that can be carried out by the farmer-processor in connection 
with the making of maple cream and maple candy. 


Sucar TrecunoLocy INvestigations (CANE AND Beer) 


(BAIC—RM: a-878—Federal-State—RMA Funds) 
(Cooperation with private organization) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the influence of processing on the composition and 
quality of sugar beet and cane juices so as to improve the methods of 
processing of sugar beets and cane to produce higher quality sugars 
and sirups and to make more effective use of byproducts. The current 
work on sugarcane is concerned with effect of mechanical harvesting 
and the composition and quality of the cane on processing efficiency 
and yields of sugar. A study is underway on the composition of 
processing liquors from beet-sugar factories located in each of the 
major producing areas. The analyses have confirmed that betaine is 
the major nonsugar component in beet juices; so work has been under- 
taken to find uses for it. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-373-1—Survey of potential uses of extractives (other than 
sucrose) from sugar beets. Research is underway on the composition 
of diffusion juice, purified (thick) juice, and molasses from beet-sugar 
factories located in California, Utah, Idaho, and Montana. Possible 
uses of betaine derivatives are also under investigation. These prob- 
lems were recommended by the Committee on Processing Problems 
for the Sugar Beet Industry which has supplied the samples for in- 
vestigation. 

RM: a—373-2—Investigation of factors which affect the yield and 
quality of cane sugar, including milling, clarification, evaporation, 
crystallization, and other processing steps. To determine the relation 
of er sas and quality of sugarcane to efficiency of processing 
and yields and quality of sugar and molasses produced. An associa- 
tion of sugarcane growers is cooperating by supplying samples of cane. 

RM: a-373-3 (C)—lInvestigations of the effects of conditions in 
sugarcane milling operations on the yield and quality of cane sugar. 
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To study milling of sugarcane on a pilot-plant scale in order to deter- 
mine the relation of cane quality and composition to efficiency of 
milling and yield and composition of juice. The results are to be 
correlated with data on subsequent processing operations and with 
yields and quality of sugar and molasses. ‘This investigation is being 
conducted under contract by a State educational institution, and the 
‘ane is supplied by a cooperating association of cane growers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Although the sugar industry has been underway for hundreds of 
years, changes i in varieties of sugar beet and cane grown for sucrose, 
and in methods of handling, require a new and thorough examination 
of the composition of the raw materials. The new information will 
be used to evaluate the raw material for processing and will provide 
clues for further advances in technology and byproduct utilization in 
the sugar industry. The current work will provide for the first time 
pilot- plant facilities for accurate experimental evaluation of com- 
mercial milling and processing characteristics of approximately 4-ton 
samples of cane. ‘This is essential to provide information on process- 
ing quality and yields of sugar. 


D. FUNDS-——-ANNUAL EXPENDITURES 


Prior to 1949, there had been no expenditures in the Bureau for 
the specific lines of work described in this report. The approximate 
expenditure in the fiscal year 1950 was $42,000. For the fiscal year 
1949 the expenditures were about $27,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A rapid, quantitative method for the determination of betaine has 
been developed for use by the beet-sugar industry and by feed proe- 
essors. Betaine is the alkaloid of sugar beets which accumulates in 
beet-sugar molasses. It is used in medicine and according to recent 
chemical literature, appears to have value as a supplement for sim- 
plified poultry rations consisting principally of soybean meal and 
yellow corn, plus vitamin supplements and minerals. Several million 
pounds of betaine are available from wastes of the beet- -sugar ee y. 

A method for quantitative separation of acids from sugar-beet juice 
has been devised. It shows promise in application to other problems 
of waste-juice utilization such as the preparation of bland sirups 
from fruit wastes, and seems suitable for large-scale operations. 


F. SOME ADDITIONAL WORK NEEDED 


The study on composition of sugar beets should be expanded to 
include beets from all the areas producing beets for sugar manufac- 
ture. A study of possible technological improvements should be un- 
dertaken when available information on composition indicates the 
most logical method of attack. 

The Sugar . idvisory Committee has recommended that a chemical 
and bacteriological study of the quality of granulated beet sugar be 
undertaken. 
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Development of more effective methods for clarification of sugar- 
cane juice—The domestic cane-sugar industry is faced with serious 
problems because of variability in the behavior of cane during process- 
ing and in the yields of sugar obtained. The observed variations can- 
not be accounted for by the major impurities ee during 
clarification, and must be due to the effect of variable amounts of minor 
impurities on the clarification and other processing steps. There is 
urgent need for fundamental research on the nature and reactions of 
such minor constituents as a basis for devising radically new methods 
of processing that should be cz ee of greatiy increasing the purity 
of the sirup and consequently the yields of sugar obtainable. 

A quality survey of refined cane sugar would be of value to the cane- 
sugar industry. Besides large refiners, there are numerous small re- 
finers and producers of direct-consumption sugars and of special 
grades of cane sugar. Problems that are continually arising in the 
use of such sugars in beverages, canned products, and other foods 
indicate that there is urgent need for evaluation of the quality of 
commercial cane sugars and improvement of refining methods, 

Fundamental studies of the composition of sugarcane.—Review of 
the literature on the composition of sugarcane reveals gaps and uncer- 
tainties in the isolation and identification of its constituents by older 
methods. Applied research can advance more rapidly and effectively 
only on the basis of exact knowledge of the composition of the raw 
material being processed in cane-sugar manufacture. Modern tech- 
niques should be applied to the isolation and study of the individual 
chemical constituents of the cane. 


New AND INpusTRIALLY Userun Propucts From Sucrose AND SUCROSE- 
CONTAINING MATERIALS 


(BAIC—RM : a-450—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and expanded uses for sucrose and sucrose-contain- 
ing materials, especially blackstrap molasses. Current work is di- 
rected toward increased recovery of byproducts for chemical uses 
and conversion of the sugars to industrially valuable products by 
chemical and fermentation processes. Particular attention is being 
given to the use of crude sugarcane molasses for the fermentative 
production of organic acids such as citric and itaconic. Also, work 
of a fundamental nature is under way to separate and identify indi- 
vidual components of molasses as a basis for the development of 
recovery methods and possibly new useful products and byproducts. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RMA-450-1—The fermentation of sugarcane molasses for the pro- 
duction of organic acids. ‘To develop methods of fermenting sugar- 
cane molasses to citric acid. 

RMA-450-2 (C)—The chemical composition of blackstrap molasses 
from Louisiana, Florida, Hawaii, and Puerto Rico cane-sugar pro- 
duction. ‘To determine as completely as possible the chemical com- 
position of blackstrap molasses, and to characterize both major and 
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minor chemical constituents. This investigation is being conducted 
by a State university under contract. 

*Extraction and complete recovery of aconitic acid from molasses. 
To develop low-cost methods for complete recovery of aconitic acid 
from molasses, especially from molasses of low aconitic acid content. 

*Improved forms of molasses for marketing as feed. To determine 
the suitability of various mixtures of molasses and dry feedstuffs for 
economic handling in dry packages, and to study the feasibility of 


drying molasses itself for sale to small feed mixers and individual 
farmers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on the refining of cane sugar was of concern to the Federal 
Government as early as 1832. Sev enty years later, the Department of 
Agriculture erected the first experimental sugar factory at Waycross, 
Ga. Improvement of the processes for sugar recovery and the devel- 
opment of more attractive forms of sugar for the food and con- 
fectionery industries have continued to be principal goals in sugar 
research. 

Comparatively little work has been done on the industrial utilization 
of molasses or on the nonfood applications of refined sugar. Uses 
for industrial alcohol production and in mixed feeds have tradition- 
ally provided outlets for the major portion of sugarcane molasses, 
and systematic work in other directions was limited, although some 
fermentation experiments were conducted to recover additional raw 
sugar, and during World War II attempts were made, without suc- 
cess, to dehydrate molasses. Partial recovery of aconitic acid has 
provided some added return to processors, but does not materially 
reduce the quantity of molasses available. 

Fermentation has always been a useful means of converting the 
sucrose in molasses to useful end products. Butyl alcohol and acetone, 
in addition to ethyl alcohol, have been produced from molasses from 
time to time. But since they are now being made from petroleum, 
emphasis has shifted to other fermentation products, particularly 
some of the organic acids. In 1917 sucrose was first fermented to 
citric acid; today the annual production of this acid is around 30,000,- 
000 pounds, mostly from beet molasses; the acid is used in pharma- 
ceuticals, foods, and soft drinks. Itaconic acid, another possible 
product, has a large potential market in the plastics field. Lactic 
acid is now made to the extent of only 6,000,000 pounds annually (ali 
by fermentation), but its use might be multiplied many times if its 
derivatives were extensively adopt ed as plasticizers. 


D. FUNDS—-ANNUAL EXPENDITURES 


In 1949 the cost of this project was $2,450, and in 1950 it was $32,267, 


of which $20,000 covered a 2-year contract project with a State 
university. : 


*Lines of work for which no symbols have been assigned. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Production of citric acid by fermentation of sugarcane molasses.— 
Heretofore, it has been claimed that blackstrap molasses without ex- 
ensive purification was unsuitable for the production of citric acid. 
By applying a special technique discovered in previous work on corn 
sugar, the Bureau has been able to obtain very good yields of citric 
acid from partially purified blackstrap molasses. 


F. SOME ADDITIONAL WORK NEEDED 


Development of uses for products and byproducts from sugar and 
iolasses.—Studies are needed to increase the applications of products 
that can be made from sugar and molasses and thus provide markets 
for the large volumes of such products that can be produced. This 
work should include the development of new uses for known deriva- 
tives and of new derivatives of organic acids for specific applications. 
The production of lactic acid for an expanded market should be in- 
vestigated. 

Improvements in fermentation of molasses —Studies are needed to 
obtain better uniformity and quality in blackstrap molasses for use 
in fermentation, and to find more rapid fermentation processes for the 
production of citric and other organic acids. 


CROSS REFERENCES—UTILIZATION 


For additional information especially pertinent to utilization sub 
jects reported on in this chapter, see also: 


BAIC-RRL-5-3, Chapter 38, utilization of sugar crop residues. 
BAIC, BAI, BDI-RM: a-307, Chapter 14, sugar-beet tops as feed. 


C. MARKETING 


Price, Suppiy, AND ConsumMpTION ANALYsIs For Farm Propvuctrs 
(Sugar) 


(BAR—A-—2-7—Federal—Regular Funds) 


(A general summary statement for this project and related work is in Chapter 
27: Prices and Income.) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
sugar and sugar products; and (2) make the results available to 
farmers, Government agencies, and the general public through regular 
publications and on special request. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-2-7-9—Analysis of current situation and outlook for sugar and 
sugar products. To appraise the current and prospective economic 
position of sugar and sugar products; carry on the statistical and 
analytical work necessary thereto; and make the results available 
through regular publications and on special requests. The World 
Sugar Situation is prepared and issued under this line project. 
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C. HISTORY AND EVOLUTION OF THIS WORK 
(See this project in Chapter 27: Prices and Income.) 
D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for work on sugar and sugar products during the 


1950 fiscal year (all from regular funds) amounted to approximately 
$3,600. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Much of the basic statistical work on world production and con- 
sumption and on United States supplies and consumption now carried 
on elsewhere in the Department was originally developed under this 
project. A study entitled “Sugar During ‘World War IT” summar izing 
wartime price, production, allocation, and rationing programs and 
their effects on sugar prices and consumption was published in 1946. 
New statistical measurements and measurements of relationships be- 
tween the price and consumption of sugar have been developed since 
the war. 


F. SOME ADDITIONAL WORK NEEDED 


It is desirable to expand the outlook work on sugar to enable a Sugar 
Situation to be issued at least semiannually, rather than annually as 
at the present time. In addition, analytical work on sugar should be 
expanded to bring into focus the situation affecting related products, 
including sirups, molasses, and honey. 


Competitive RELATIONSHIP BeTwEEN CorN SUGAR AND Srrup AND 
CANE AND Breer SuGars AND Srirups 


(PMA—RM-c-137-Federal) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To provide producers of cane and beet sugar, manufacturers of corn 
sweeteners, and food processors with information which will enable 
them to appraise more intelligently the advantages and disadvantages 
of using various sweeteners, the competitive relationships bet ween 
sugar and corn sweeteners are being analyzed. Current work consists 
of determination of the quantities of corn sugar or sirup and dry or 
liquid cane and beet sugar used as sweetening agents by various indus 
trial users and ascertaining the principal factors governing a food 
processor’s choice of sweetener. 

Data relative to delivered prices and information on the relative 
physical and chemical properties of sugar and corn sweeteners have 
been assembled and studied: a comprehensive study of Federal and 
State laws pertaining to types and amounts of sweeteners which may 
be used in processed foods has been made; and personal interviews 
with a representative sample of manufacturers of sweetener-contain- 
ing products have been completed and an analysis has been made of the 
views expressed by manufacturers with respect to the usage of various 
sweeteners in their individual products and the principal factors influ- 
encing such use. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM-c-137-1—Determination of the quantities of sweetening agents 
used my major food processing industries. Determination is being 
made of trends in the usage of sugar, dextrose, corn sirup and other 
sweeteners by the baking, confectionery, bottling and other major types 
of sweetener-using industries, and a reporting system is being devel- 
oped whereby current data concerning sweetener usage by major in- 
dustrial groups can be obtained. 

RM-c-137-2—F actors governing the choice of type of sweetening 
agent. For major industrial users, the principal factors governing 
the choice of dry or liquid sugar, dextrose, or corn sirup, or some com- 
bination of these, as a sweetening agent are being determined. Among 
the factors being considered are those of chemical and physical prop- 
erties, sweetening values, relative prices, access to sources of supply, 
and consumer habits and preferences. 


C. HISTORY AND EVOLUTION OF THIS WORK 


For several years prior to World War IT, there had been a steady 
increase in the production and use in the United States of sweeteners 
made from corn. Wartime curtailment in supplies of cane and beet 
sugar available for domestic civilian requirements gave an added 
impetus to this trend. A thorough study of the competitive relation- 
ships between sugar and corn sweeteners was considered advisable 
because of lack of specific information as to the probable trend in 
the postwar use of corn sweeteners, the extent to which sugar was 
being replaced by corn sweeteners, the relative importance of the 
various corn sweeteners in all types of food products, and the primary 
factors which affect the choice of sweeteners for a given use. The 
information which this study is designed to obtain is needed by the 
Department and other Government agencies, by the sugar and corn 
sweeteners industries, and by food processors as an aid to evaluation 
of trends in sweetener usage. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Expenditures for this work totaled $15,500 in 1948, $21,000 in 1949 
and $12,200 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of a system of reporting sugar and dextrose deliveries 
by type of buyer.—In connection with this project, there was estab- 
lished a system of voluntary reporting, on the part of primary sugar 
distributors and wet corn millers, of quarterly deliveries of sugar and 
dextrose according to major types of users. Information supplied 
quarterly since January 1, 1949, by the primary distributors represents 
100 percent of the dextrose distribution and approximately 97 percent 
of sugar distribution within the continental United States. The infor- 
mation is obtained according to five major geographic areas of the 


United States. In addition, the reports being submitted for sugar 


provide a subdivision into crystalline and liquid and according to 
type of sugar distributor (cane refiner, beet processor, and importer 
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of direct consumption sugar). Summaries of the information sup- 
plied in these reports are published shortly after the end of each 
quarter. These data allow current appraisals by the sugar and corn 
sweeteners industries of the extent of competition between sugar 
and dextrose for each major sweetener-containing product, and the 
seasonal and geographic variations in the extent of such competition. 
The reports also indicate to sugar refiners, beet processors, and wet 
corn millers the extent to which liquid sugar competes with dry sugar 
in each major use category. 

Development of information concerning shifts in sweetener use.— 
The study of corn sweetener usage shows that sugar for home use 
and home canning has declined from 66 percent of total sugar distri- 
bution in 1935 to approximately 40 percent in 1948 and 1949. Indus- 
trial users, on the other hand, have increased their share of sugar 
usage from about 28 percent in 1935 to over 51 percent of total sugar 
distribution in 1948 and 1949. Liquid sugar usage almost doubled 
between 1941 and 1949 and now represents over 9 percent of total sugar 
usage by industry. The proportion of total sugar use represented by 
liquid sugar varies considerably by type of food processing industry, 
‘anging from over 18 percent in the case of ice cream to less than 2 
percent for bakery products. In 1935, the quantity of corn sweeteners 
used was only 7 percent of total sugar distributed in the United States. 
By 1949 this percentage had increased to over 12 percent. The in- 
creased use of dextrose has been pronounced in bakery products, 
especially bread, while corn sirup solids are used primarily in ice 
cream. Other significant increases in dextrose use have occurred in 
the production of ice cream, soft drinks, canned and frozen foods, and 
preserved items. Knowledge of the shifts which have taken place in 
proportions of sweeteners used by household consumers and the various 
food processors, data relative to the trend toward expanded use of 
liquid sugar, and more specific information with respect to the exact 
areas in which corn sweetener usage has increased relative to sugar are 
very useful to Government agencies interested in sugar consumption 
and is valuable market information to the sugar and corn sweetener 
industries and to food processors. 

Development of adorenailine concerning factors governing the 
choice of sugar and other sweeteners—Preliminary analysis indicates 
that the primary factors governing a food processor’s choice of sweet- 
ener are relative prices of sweeteners, variations in physical and chemi- 
cal properties, Federal and State laws, and manufacturers’ prefer- 
ences. The most important physical characteristic is relative sweet- 
ness, but other properties, such as moisture-retention ability, degree 
of solubility, tendency toward crystallization, density, and moisture 
content are also very important. Because of the physical properties 
of corn sweeteners, they rarely are used alone in a food product, but 
are used in combination with sugar. From 20 to 33 percent of total 
sweeteners usually is the maximum proportion represented by corn 
sweeteners. The notable exception to this rule is in bread baking, 
where 100 percent of the sweetener may be dextrose. Dextrose and 
corn sirup ordinarily sell at a price differential under sugar. While 
this differential no doubt is a factor influencing many food processors 
to use corn sweeteners, the extent to which the price differential influ- 
ences a food processor’s choice of sweetener has been greatly exag- 
gerated. As a general rule, the physical properties imparted to the 
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finished product by using a combination of sugar and one of the corn 
sweeteners are the primary considerations of the food processors. 
Clarification of the principal factors influencing a food processor’s 
choice of sweeteners is valuable market information for both the sugar 
and corn sweeteners industries and will aid individual food processors 
in their decisions with respect to type of sweeteners which may be 
advantageously used. 


F. SOME ADDITIONAL WORK NEEDED 


It is now planned to continue the reports described in section E 
as a part of this project only through the calendar year 1950. How- 
ever, since the information being obtained gives a fairly dependable 
basis for keeping abreast of trends in sugar consumption by various 
users of this commodity and because of the value of such data to the 
administration of any rationing program for sugar, it would be 
desirable to continue these reports after the contemplated expiration 
of this project. 


DEVELOPMENT OF MARKETING STANDARDS FOR Srrups, EpIBLE 
Motassks, AND Liquip SuGars 


(PMA—RM-c-361—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To encourage high-quality production and more orderly marketing 
of sugarcane sirups, edible sugarcane molasses, refiners’ sirups, and 
liquid sugar, grade specifications and grading standards for com- 
mercial use are being developed. Current work is concerned with 
determination of the quality factors on which to base grades and the 
preparation of grade specifications. These specifications for each 
grade are being developed on the basis of the quantitative measurement 
of the factors for representative samples of the products, on the recom- 
mendations of producers and distributors of these products, and other 
factors. 


B. CURRENTLY ACTIVE LINE PROJECTS 
This work was not divided into line projects. 
C. HISTORY AND EVOLUTION OF THIS WORK 


Although the need for quality standards for molasses, sirups, and 
liquid sugar had been recognized for some time, added stimulus for 
development of such standards came from the wartime production 
of a large quantity of low-quality molasses and sirups, followed by 
a distressed postwar market. In the case of molasses and Louisiana- 
produced sirups, the widespread adoption of mechanical harvesting 
of sugarcane also contributed to the lowering of quality which has 
occurred during the past decade and the need for standards by which 
quality could be measured. In this project, information was obtained 
from the producers and distributors of these products with respect 
to current “types” of each which they were producing or distributing, 
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and their recommendations with respect to what factors should be 
considered in establishing grades, the number of grades of each product 
which should be established, and the specifications for each grade. 


D. FUNDS--ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1949, $15,300; 
1950, $14,400. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of grades and specifications based on quality factors.— 
For each of the products under study, grades have been developed 
which reflect differences in quality factors as well as types. It oo 
been determined that the quality factors on which the grades should 
be based are: (1) Brix solids, (2) total sugars (sucrose plus reducing 
sugars), (3) ash, (4) sulfites, (5) color, and (6) pH. Heretofore, 
these products were sold largely on the basis of “type” rather than 
“quality.” It is believed that such grades will stimulate more orderly 
commercial marketing of these products, will aid consumers in quality 
identification, will stimulate the production and sale of a grace 
materials, and will provide a better basis for Government purchases 
of these commodities. 

Provision of valuable analytical data—F¥rom the analyses of 
samples of liquid sugar, sirup, and molasses, valuable data on varia- 
tions in the composition of these products and on the interrela- 
tionship among various factors have been obtained. For example, the 
data show the relationship between total sugars and ash content of 
molasses. This information already has proved to be very helpful 
in the formulation of grades and grade specifications and, when 
published, will provide the trade with information which can be 
used to obtain a better understanding of the factors affecting varia- 
tions in quality of these products. 


F. SOME ADDITIONAL WORK NEEDED 


Additional work on methods of measuring color and on color 
standards is needed. Although satisfactory temporary color stand- 
ards have been developed, research directed toward development of 
permanent standards should be continued. Because the producers 
and distributors of these products are unfamiliar with the require- 
ments and desirability of using United States quality standards in 
grading their products, and because the specifications developed for 
each grade on the basis of samples tested and recommendations re- 
ceived may inadvertently result in inequities when put into effect, 
work is needed to demonstrate the use of these grades and to test the 
tentative grades in actual commercial practice. Also needed, is re- 
search basic to the establishment of a grading service for these 
products, including such factors as the type and scope of service to 
be initiated, the method of inspection to be adopted, the type of 
financing advisable, the laboratory facilities required, and the number 
and type of personnel required. Research should also be conducted 
on procedures to be used by inspectors in the field for collecting sam- 
ples and for using the specifications in grading. Work also should 

78552—51—vol. 225 











1372 AGRICULTURAL RESEARCH AND RELATED SERVICES 


be done on acquainting producers and distributors with the inspec- 
tion procedures and requirements, and consumers should be advised 
as to the use of the standards in making purchases of these products. 


Survey AND ANALYSIS OF THE SUGAR-MARKETING STRUCTURE AND Pos- 
SIBILITIES FOR IMPROVEMENTS IN MARKETING METHODS AND PRACTICES 
AND OF Repuctne MarKketine Costs 


(PMA—RM-c-385—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To analyze the practices and methods used in marketing sugar, 
sugar beets, sugarcane, and molasses, and to determine if efficiencies 
might be increased and costs reduced by improved methods and prac- 
tices. Currently, emphasis is being placed upon review and evaluation 
of the processes, facilities, and equipment used in marketing sugar- 
cane and industrial molasses. Exploratory work also is being done 
on the marketing of raw and refined sugar and sugar beets. The 
current work on sugarcane is particularly concerned with develop- 
ing improved methods of moving sugarcane from field to factory 
which will reduce marketing costs and enable producers to receive 
maximum net returns from the crop in Louisiana and Puerto Rico. 
The current work on industrial molasses is being directed toward the 
development of improved marketing practices which will encourage 
increased consumption of molasses on the farm and in feed-mixing 
plants. Determination is being made of the means by which supplies 
of molasses may be made available in additional areas, and distri- 
bution costs reduced. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM-c-385-1—Marketing industrial molasses. The current prac- 
tices used in marketing industrial molasses are being studied for 
determination of changes which could be made to achieve increased 
marketing efficiency; and methods by which molasses utilization for 
livestock feed may be increased are being explored. 

RM-c-385-2—Marketing of sugarcane. Methods used in the physi- 
cal movement of sugarcane from the field are being studied and 
evaluated in terms of possibilities for developing improved marketing 
methods, reducing marketing costs, and maximizing crop returns to 
both producers and processors. 

RM-c-385-3—Marketing of raw sugar. Analysis is being made 
of the methods now used in moving raw sugar from producing mills 
to the refineries, the marketing practices of raw-sugar mills, the mar- 
keting functions performed by raw-sugar buyers, importers, and 
brokers, and the pricing mechanism for raw sugar, in order to deter- 
mine the possibilities for increasing marketing efficiency. 

RM-c-385-4—Marketing mages Cede: Information with respect to 
current practices used in the movement of sugar beets from the field 
to the factory, methods used in sampling and testing for tare and 
sucrose, and settlement contracts between growers and processors are 
being collected and analyzed. 

RM-c-385-5—Marketing of refined sugar. Information relative to 
distribution patterns, channels through which sugar moves from the 
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refiner to the ultimate consumer, and practices used in the transporta- 
tion, merchandising, and pricing of refined sugar is being assembled 
and evaluated. 

RM-c-385-6—Alternative methods of handling sugar. The rela- 
tive efficiency of marketing sugar in bulk granulated or liquid form is 
being compared with the ‘conventional method of marketing in bags 
in order to determine the feasibility of widespread adoption of the 
practices of marketing sugar in bulk or in liquid form. The impor- 
tance of these developments in handling sugar to the entire United 
States sugar industry is being evaluated. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research has proved helpful in solving many of the production 
problems of the sugar industry, but prior to initiation of this project, 
little or no research had been directed toward the solution of many of 
the marketing problems confronting the industry. In Louisiana, 
decreasing sugar yields in raw mill operation had magnified many 
of the problems connected with the marketing of sugarcane. The 
domestic sugar-beet industry and the Louisiana and Hawaiian cane- 
producing areas had the problem of processing dirty, trashy raw 
materials with the advent of mechanical cultivation and harvesting. 
Also, the industries in Louisiana, Florida, Puerto Rico, and the beet 
area were of the opinion that certain improvements might be made 
in settlement practices between growers and processors. The raw 
sugar mills and refiners needed basic research to determine possible 
savings in marketing charges so that consumers, processors, and pro- 
ducers may benefit therefrom. The producer of blackstrap molasses 
had been plagued with low prices over long periods of time. The 
fermentation alcohol industry had been requiring smaller quantities of 
molasses each year and the industry was in vital need of assistance in 
moving additional quantities of molasses into the feed trade and other 
uses, both old and new. 

To assist members of the sugar industries in the domestic producing 
areas, research directed toward existing marketing problems was initi- 
ated in 1949. Emphasis was placed first on analyzing current prac- 
tices employed in marketing sugarcane and industrial molasses and 
ascertaining if greater efficiency might be obtained through improved 
practices. “Work on other phases of the project was delayed in fiscal 
1950 in order to do additional work on the marketing of industrial 
molasses. Such additional work was considered desirable because 
preliminary work on this product had indicated that further research 
should lead to adoption of improvements in the marketing system for 
molasses, which, in turn, would result in increased utilization and 
higher returns to producers. At the same time that detailed study 
was being made of the marketing of molasses and sugarcane, prelimi- 
nary W ork was done with respect to sugar beets and raw and refined 
sugar. The latter products will receive more detailed attention during 
later stages of the project. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1949, $15,000; 
1950, $24,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Increased utilization of industrial molasses in feed.—The work on 
this phase of the over-all project has provided very helpful informa- 
tion to the molasses trade, to feed dealers, and eatiehaiane A report 
published in February 1950 pointed out possibilities for reducing de- 
livered costs of molasses through more widespread use of tank truck 
deliveries. It has attracted much attention among molasses distribu- 
tors, feed dealers, and farm cooperatives, and appears to have encour- 
aged adoption of such a delivery system in some areas. The favor- 
able outlook reported for increased molasses utilization by the feed 
trade, under current price relationships between molasses and corn, 
appears to have stimulated greater molasses usage by the feed trade 
and to have had a strengthening market effect on the price of 1950 
blackstrap. In addition, there is evidence that the pointing out of 
the need for small-scale, low-cost mixing equipment for molasses used 
in mixed feed is going to stimulate work in this direction. The infor- 
mation collected is of great value in evaluating molasses supplies and 
requirements and would be particularly useful in any allocation or 
control program necessitated by national emergency. 

Improvements in sugarcane marketing practices in Louisiana.— 
Marked improvements in the efficiency of sugarcane marketing in 
Louisiana during the past season were due in part to the adoption of 
many of the recommendations contained in a report published in 
November 1949. The more important of these recommendations were 
as follows: 

That a purity clause be included in the cane purchase contract to 
discourage the marketing of old, stale cane ‘ek improperly topped 
cane; that the 3-percent tolerance for normal trash be eliminated in 
order to provide a positive incentive for growers to market a cleaner, 
or higher-quality cane; that no sugar mill use trash determination as 
a competitive weapon in procuring cane; that trash and sucrose content 
of cane be determined on an individual grower basis and not by means 
of derrick averages; and that mills improve trash-sampling methods 
by taking larger and more frequent trash samples. 

These recommendations constituted the bases for changes in the 
1949 contractual arrangements between growers and _ processors. 
These changes alleviated such unsound marketing practices as the 
delivery of dirty, trashy cane for processing, and the use of excessive 
trash allowances as a device to procure cane. A significant increase 
in raw sugar recovery has been noted as a result of the marketing of a 
better quality product by Louisiana cane growers. 

Need for changes in certain sugarcane marketing practices in Puerto 
Rico.—A report nearing completion on the marketing of sugarcane in 
Puerto Rico will point out changes in practices needed to increase 
marketing efliciency in that area. 

It will be recommended that members of the sugar industry adopt 
uniform settlement practices so that all producers and processors will 
more equitably share the income; that practices be eliminated that 
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add to marketing costs such as excessive hauling allowances for cane, 
unnecessary cross hauls, excessive long hauls of cane and employment 
of agents to solicit cane on a commission basis; and that the terms 
and conditions of cane purchases be contained in contracts executed 
between individual producers and processors. 


F. SOME ADDITIONAL WORK NEEDED 


In order to appraise completely the over-all marketing structure 
for sugar and to evaluate the possibilities for increasing market 
efficiency, additional research is needed as follows: 

Determining means by which sugar-beet marketing methods and 
practices may be improved.—Preliminary investigation has indicated 
that current marketing practices are resulting in the delivery by 
growers of dirty, trashy beets which contribute to processing difficul- 
ties. Areas where study is needed include the distribution of crop 
returns between producers and processors under current contractual 
arangements, the movement of the beets from the field to the factory, 
handling and storage before processing, and determination of tare 
and sucrose. 

Determination of possibilities $6 reducing the costs of marketing 
raw sugar.—One of the principal stages in the marketing of sugar is 
the movement of raw sugar from producing mills to refineries. Very 
little information is currently available on the practices used in 
marketing raw sugar; therefore, the possibilities for improved mar- 
keting efliciency cannot be evaluated until review is made of existing 
methods. Such review will need to be made at the raw-mill level for 
each of the major areas producing raw sugar—Puerto Rico, Hawaii, 
Louisiana, and Florida—and at the refinery level for both domes- 


ae produced raw sugar and that imported from Cuba. It is de- 
e 


sirable to study the functions of agencies involved in the marketing 
of raw sugar, the marketing costs and mark-up that each handler 
imputes to the marketing margin for sugar, and the possibilities of 
reducing marketing costs and increasing handling efficiency by im- 
proved raw sugar marketing practices. 

Evaluation of the possibilities for increasing efficiency and reduc- 
ing costs in the marketing of refined sugar—The distribution, trans- 
portation, merchandising, packaging, and pricing of refined sugar con- 
stitute probably the most important phase of the entire process of 
moving sugar from the fields to the ultimate consumer onl one with 
respect to which little research has been conducted. The relative 
efficiency of the various methods used in marketing and pricing re- 
fined sugar should be evaluated and the possibilities for improving 
market efficiency should be appraised. Research directed toward 
the possibilities for improvement of refined sugar marketing facili- 
ties, methods, policies, organization, and pricing practices is needed 
by both sugar producers and consumers and by Government agencies 
concerned with administrative programs for sugar. 

Appraisal of economies effected by shipping sugar in bulk or liquid 
form.—There is need for the evaluation of the relative efficiency of 
shipping sugar in bulk granulated or liquid form compared with the 
resent common practice of shipping in bags. Such work is needed 
both with respect to raw and refined sugar. Considerable amounts 
of Hawaiian raw sugar are being shipped in bulk, and individual 
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concerns in other areas are making bulk shipments. There is also a 
current trend toward the marketing of refined sugar to industrial 
users in bulk or in liquid form. The efficiency of these alternative 
means of handling sugar should be explored by comparing the sav- 
ings in handling and shiseine costs effected by such methods with the 
costs of establishing and maintaining facilities necessary for han- 
dling sugar in bulk or liquid form. Such an appraisal should include 
a comparison of handling costs incurred by the sugar user as well as 
marketing costs incurred by the seller. In the case of liquid sugar, 
other marketing problems need exploring, such as the adaptability of 
the liquid product to the industrial use to which it is being put, the 
problems encountered in storing and transporting a liquid product, 
the relationship between the orca) and chemical characteristics 
of the product and its marketability, and the pricing practices used 
in marketing liquid sugar. 


CROSS REFERENCES—-MARKETING 


For additional information especially pertinent to marketing sub- 
jects reported on in this chapter, see also: 


BAE-A-2-1, Chapter 38, monograph or sugar. 

CEA-Commodity Exchange Act, chapter 35. 

FCA-a-1-8, Chapter 17, assistance to cooperatives handling sugar products. 
OFAR, Chapter 23 (especially RM: C-2 and RM: C-544), foreign activities. 
PMA, administration of United States Warehouse Act, chapter 35. 





TOBACCO 
Chapter 17—Part II 


ForEworD 


This chapter covers research and related services in the USDA on 
tobacco. It is divided into three major sections—production, utiliza- 
tion, and marketing. These sections include descriptions of work on 
farm costs and returns, breeding, disease, quality investigations, insect 
problems, and curing; tobacco utilization investigations including 
processing techniques and tobacco properties in relation to specific 
uses; and work relating to such phases of marketing as price and con- 
sumption analysis, marketing methods and practices, market news, 
and other marketing services. 

Following the production and marketing sections of the chapter 
are cross references to project statements in other chapters which 
include at least some work concerning tobacco. 
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A. PRODUCTION 


Farm Costs ANp Rerurns (‘Tosacco) 
( BAE—A-1-23—Federal-State—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 24: Economies of Production) 


A. PURPOSE AND NATURE OF CURRENT WORK 

To measure changes from year to year over a period of years and 
to keep current estimates of acreage and livestock numbers, invest- 
ment, costs and returns on important sizes and types of commercial 
farms in selected major type-of-farming areas. Such estimates pro- 


vide farmers and others with information on annual changes in 
costs and returns in farming from 1930 to the present. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-1-23-8—F arm costs and returns on commercial family-operated 
tobacco-cotton farms in the Coastal Plains of North and South Car- 
olina. 

C. HISTORY AND EVOLUTION OF THIS WORK 


(See Chapter 24: Economics of Production.) 
D. FUNDS—ANNUAL EXPENDITURES 
(See Chapter 24: Economics of Production.) 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Work on the above line projects is not yet completed. (See Chapter 
24: Economics of Production, for general statement on accomplish- 
ments. ) 


F. SOME ADDITIONAL WORK NEEDED 
(See Chapter 24: Economics of Production.) 
INvesTiGATIONS or Tospacco INsEcts IN THE FIELD 
(BEPQ—I-d-12—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop methods of control for the insects that damage the 
tobacco crop. Tobacco is subject to damage by several species of 
insects from the time the seeds are planted until the crop is harvested. 
These insects have caused an annual loss to the tobacco crop estimated 
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at $100,000,000 during recent years, compared with a total farm value 
of the 1948 crop of about $950,000,000. The current work is parti- 
cularly concerned with the determination of the important facts re- 
garding the habits and control of insects attacking tobacco in the 
plant bed and in the field, with special reference to the development 
of practical spray or dust schedules, for the use of poison baits or 
soil treatments, and similar repressive measures which will control 
the insect pests at a minimum cost. In the development of remedies 
and spray schedules, especial consideration is given to the avoidance 
of insecticides or treatments which will leave harmful residues on 
the product or adversely affect the quality of the tobacco, reduce the 
productiveness of the soil, or adversely affect the operator. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-12-1—Biology of the tobacco flea beetle and hornworms. To 
obtain practical information on the habits of the tobacco flea beetle 
and hornworms, with special reference to data needed for the most ef- 
fective application of control measures for these pests. 

I-d-12-2—Control of the green June beetle larvae in tobacco plant 
beds. To determine the most effective and economical control of the 
larvae of the green June beetle in tobacco plant beds, with special 
reference to the effect of control practices on the insect and on the 
plants. 

I-d-12-8—Control of the tobacco flea beetle in the plant beds and 
on newly set tobacco plants. To develop control measures for the to- 
bacco flea beetle in tobacco plant beds and on tobacco transplants, con- 
sisting principally of testing various insecticide materials and de- 
termining the effect of plant bed sanitation and the destruction of sur- 
plus tobacco transplants as soon as possible after the crop is set in 
the field. 

I-d-124—Control of the tobacco webworn on newly set tobacco 
plants. To devise a remedy for the tobacco webworm on newly set 
tobacco plants, with special reference to the use of insecticides and 
poison baits that will control the insect and not injure the plants. 

I-d-12-5—Control of the tobacco flea beetle, budworm, and horn- 
worms on the growing tobacco crop. To discover or develop a satis- 
factory insecticide treatment for the control of combined infestations 
of the tobacco flea beetle and hornworms infesting growing tobacco, 
with special reference to the effects of various insecticides on these 
insects, on the plants, on the market product, and the avoidance of 
harmful effects on the operator or on the consumer. 

I-d-12-7—Biology and control of the tobacco suckfly. To devise 
methods for the control of the suckfly on tobacco, with special reference 
to the use of insecticides which will control the insect and not injure 
the tobacco or have harmful effects on the operator. 

I-d-12-8—Control of wireworms on tobacco. To determine the 
effectiveness against wireworms of various insecticides incorporated 
in infested soils, or when used in transplanting water, and the effect of 
such insecticides on the tobacco seedlings and the crop at a later stage 
of growth. 

I-d-12-9—Control of the green peach aphid on shade-grown tobacco 
in Florida. To develop methods of control of the green peach aphid as 
a pest of shade-grown tobacco in Florida through the use of insecti- 
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cides, due consideration being given to such features as the effect of 
the insecticide on the aphids and the safety of the insecticide from 
various points of view. (Same as research conducted in North Caro- 
lina, South Carolina, and Tennessee, under project RM: b-534, p. 
1384.) 


C. HISTORY AND EVOLUTION OF THIS WORK 


From earliest colonial times tobacco has been one of the most im- 
portant crops produced in this country. Research by the United 
States Department of Agriculture on the control of insects affecting 
dark fire-cured and burley tobacco was started in Tennessee during 
1907, on shade-grown and sun-grown tobacco in Florida during 1917, 
and in Connecticut during 1936; and on flue-cured tobacco in North 
Carolina during 1935 and in South Carolina during 1936. These in- 
sect pests include two species of hornworms and flea beetles, several 
different kinds of thrips, suckfly, budworms, many species of cut- 
worms, sod webworms, wireworms, and, lately, aphids, which have 
all caused damage to the tobacco crop. Although tobacco does not 
fall within the provisions of the Federal Food, Drug, and Cosmetic 
Act, one of the objectives of this work has been the development of an 
insecticide which, when used on the tobacco in the field, would not 
leave a residue which would constitute a hazard to the health of man. 
Paris green, which was tested during the years from approximately 
1910 to 1925, proved fairly effective for the control of hornworms, but 
it injuries tobacco under some conditions. The use of lead arsenate, 
which was less dangerous to the plant than paris green, and was ef- 
fective against hornworms, left a residue as did paris green. Cryolite 
has been tested and used to some extent but is not very effective 
against hornworms. More recently, the research on hornworms has 
included tests with newer insecticides. 

Research on other tobacco pests has included rotenone, which was 
found to be effective against flea beetles but not against other common 
tobacco pests often found infesting the same plants. A mixture of 
cornmeal and lead arsenate applied by hand has been tested, and, al- 
though expensive to apply, was found effective against the tobacco 
budworm. Fairly satisfactory poisoned baits were formulated during 
later years for the control of cutworms, webworms, and green June 
beetle larvae. During this period, methods were studied for trapping 
and poisoning the parent moths of the hornworms, which have some 
value as a supplement to other methods of control but are not com- 
pletely satisfactory when used alone. 

During the early years of research on the control of tobacco horn- 
worms, it was observed, during the period beginning about 1912, that 
the moths of these insects were attracted to the newly opened blossoms 
of the jimsonweed. Further observations demonstrated that these 
blossoms were a preferred feeding place of the moths. Since this 
phenomenom was thought to be a possible avenue for hornworm con- 
trol, attempts were made to obtain the odorous principle of jimsonweed 
blossoms by distillation, extraction, and enfleurage, but with little or no 
success. Many chemicals were then tested in an effort to discover a 
substitute for the natural fragrance of jimsonweed blossoms, and it 
was found that several of these chemicals, including isoamy] benzoate, 
were attractive to the moths. Continued experiments demonstrated 
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that isoamyl salicylate produced a marked feeding response of the 
moths. Moths attracted to the odors of this chemical were captured 
readily in traps or induced to take poisoned baits from poison feeders 
which were built to resemble jimsonweed blossoms. As a part of this 
work, laboratory tests of many poisons indicated that many of them 
were palatable to the moths but that they killed too slowly or not at all. 
A 5 percent solution of tartar emetic in sweetened water was found to 
be effective in killing the moths quickly and was used as the poisonin 
agent in the feeders for many years. Later, it was found that a bait 
containing rotenone was superior to the tartar emetic as a poison in 
these feeders. Large field experments conducted in Tennessee during 
1941 and 1942 demonstrated that moths attracted to the isoamyl 
salicylate or to the poison feeders could be trapped or poisoned in large 
numbers, but that this method could not be relied upon to control horn- 
worms. 

Beginning in 1946, tobacco throughout most of the producing 
regions, including shade-grown tobacco in Florida, was subjected to a 
serious outbreak of seo which has continued through 1950. The 
aphids not only reduced the yield and quality of tobacco by their direct 
damage in sucking the juices from the plants, but also contaminated the 

roduct with vast quantities of insect remains and a sticky material 

nown as honey dew, secreted by the aphids, which cannot be removed 
from the harvested tobacco without injuring the market product. This 
outbreak necessitated extensive research on the habits of the aphids 
and methods for their control in Florida, including tests with many of 
the newer insecticides. 

During the period from 1945 to 1950, special emphasis has been de- 
voted to testing the newer insecticides, mixed in the water used in trans- 
pe tobacco, for the control of wireworms attacking seedling to- 

acco plants. Some of these materials have also been tested against 
the suckfly on tobacco, flea beetles, hornworms, green June ‘beetle 
larvae, and the tobacco budworm. Tests have indicated that some of 
them are superior to any of the older insecticides, but further work 
is required to establish their limitations in the control of the insects 
involved, their effect upon the tobacco, and their effect on the consumer. 


D. FUNDS—-ANNUAL EXPENDITURES 


Average annual expenditures for fiscal years 1913 to 1915 were ap- 
proximately $11,000; for 1916-20, $22,000 ; 1921-25, $24,000; 1926-30, 
$27,000; 1931-35, $19,000; 1936-40, $50,000; 1941-45, $43,000; and 
1946-50, $45,000. Expenditures were reduced from $50,000 in 1942 
to $34,000 in 1944, as some of the funds were shifted to food crops be- 
cause of the war effort. They were gradually increased to $50,000 in 
1949, and are estimated to be $43,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Lead arsenate developed as a tobacco insecticide for hornworm 
control_—Tests with many materials, including several arsenicals, 
showed lead arsenate to be effective against the hornworm and that 
it did not affect the quality of the tobacco. Its ready adoption by 
the growers bore testimony as to its usefulness. However, if it was 
used in large dosages and indiscriminately, an undesirable deposit 
remained on the tobacco at harvest time. 
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A simple bran bait poisoned with paris green was effective as a con- 
trol for cutworms on tobacco —Experimental work on poisoned baits 
for cutworm control showed that a simple mixture of bran and paris 

een was as effective as baits containing so-called attractive agents. 

his finding simplified and reduced the cost of controlling these pests. 

Poisoned bait developed for tobacco budworm.—A poisoned bait 
containing lead arsenate and cornmeal was developed for the control 
of the tobacco budworm. This was used successfully for many years 
by the growers. It is applied by hand to the growing tip of the 
tobacco plant. This method is still being used by many growers, and 
has greatly reduced the losses threatened by the budworm. It is 
estimated that the use of the poisoned bait remedy in the Florida- 
Georgia cigar tobacco-producing district alone saved the growers of 
that district at least $85,000 annually. During recent years appli- 
cations of DDT dusts were shown to be as effective as poisoned baits 
for budworm control, at a reduced cost for labor. 

Tobacco flea beetles controlled on shade-grown tobacco——The ex- 
perimental work with rotenone showed this material to be effective 
as a control for flea beetles and particularly effective on shade-grown 
tobacco where a quick kill of the insect was essential to the produc- 
tion of high-grade cigar-wrapper tobacco. A few flea beetle feed- 
ing holes ruined the leaf. Rotenone prevented this, with the result 
that its use saved the growers in the shade-grown tobacco areas of 
Connecticut, Florida, and Georgia nearly $1,300,000 annually. The 
destruction of tobacco plant beds after all the needed transplants had 
been removed also reduced flea beetle damage in the flue-cured area. 

Progress made in controlling thrips on shade-grown tobacco.— 
Pyrethrum dusts were tested extensively for the control of the to- 
bacco thrips on shade-grown tobacco in Connecticut, during the period 
from 1937 to 1941, with some success; and a mixture of rotenone and 
pyrethrum was shown to be effective against combined infestations 
of flea beetles and thrips on this type of tobacco. 

Progress made in controlling wireworm damage to tobacco.—Ex- 
periments conducted during the last 3 years indicate that damage by 
wireworms to seedling tobacco plants can be greatly reduced in South 
Carolina by adding small quantities of certain insecticides to the 
water used in transplanting the seedlings. This can be done with but 
a slight additional cost for the insecticides used. 

Promising results obtained in the control of hornworms.—It was 
demonstrated that DDT is effective against one species of hornworm 
on tobacco, known as the tomato hornworm, but not against another, 
known as the tobacco hornworm. The latter is the predominant 
species on tobacco in the South. Encouraging results have been ob- 
tained during the last 2 years in the control of both species of horn- 
worms by applying dusts containing other new insecticides. 

Distinctive advance made in the control of the suckfly on tobacco.— 
Experiments demonstrated that dust mixtures or sprays containing 
certain new phosphatic or chlorinated hydrocarbon insecticides are 
very effective in the control of the suckfly on tobacco. The degree 
of damage and loss caused by this insect on tobacco has been very 
heavy in North Carolina during some recent years, particularly in 
fields of late-planted tobacco. During 1948 it was estimated the pest 
caused a total loss of not less than $5,000,000 to the growers of tobacco 
in North Carolina, Virginia, South Carolina, and Georgia. 
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Parathion developed as a control for aphids on shade-grown tobacco 
in Florida.—Experiments in Florida during the last 3 years have 
demonstrated that parathion, one of the newer insecticides, is an 
effective remedy for the control of the green peach aphid on tobacco 
if it is applied to plant beds and, at timely intervals through the 
season, in the field. The extensive use of this insecticide by the grow- 
ers of shade-grown tobacco in Florida has saved this valuable crop 
from serious loss. 


F. SOME ADDITIONAL WORK NEEDED 


Additional research on control of tobacco hornworms and wire- 
worms.—Aside from the current work on the development of control 
measures for wireworms, there is immediate need for additional re- 
search on wireworm control both in the southern and northern pro- 
ducing region. The migratory habits of hornworm moths should be 
studied as a means of determining the need for insecticidal treatments, 
especially in the more northern region. There is also a need for fur- 
ther research on baiting and trapping for hornworm moth control. 

Additional research on the control of the suckfly on tobacco—It is 
necessary to conduct additional research on the development of con- 
trol measures for the suckfly on tobacco, with special reference to the 
effect of insecticides on the tobacco plant, on the operator, and on the 
consumer of the ultimate product. 


DeTERMINE THE CAUSE AND PREVENTION oF APHID OvuTBREAKS 
on Topacco 


(BEPQ—RM : b-534—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the cause of the current outbreak of aphids on 
tobacco and (2) develop methods to control them and prevent such 
outbreaks. These pests suck the juices from the plant and reduce 
the yield. The tobacco grade is reduced materially by molds which 
grow on the sticky excretion known as honeydew from the aphid’s 
body. The losses due to this new pest of tobacco in 1947 is estimated 
to be about $7,000,000. Currently, studies are being made of the wild 
host plants of the green peach aphid and the conditions affecting the 
development of this aphid on tobacco as an aid to the development 
of cultural methods for preventing outbreaks. Experiments are being 
conducted with insecticides for the control of the aphid. The we 
is closely correlated with the work in Florida under line project 
I-d-12-9, p. 1380. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-534-1—Development of effective insecticides to control 
aphids on flue-cured, dark fire-cured, and burley tobacco. To develop 
insecticides that will control aphids on tobacco without risk to the 
operator or causing an adverse effect on the cured tobacco or causing 
a residue hazard to the consumer. 

RM: b-534-2—Biological studies in relation to aphid development 
in tobacco fields and outside areas. To obtain such pertinent informa- 
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tion on the biology and ecology of aphids attacking tobacco as will 
aid in an intelligent approach to the development of control measures 
of permanent value. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was initiated in August 1949 because of an unprece- 
dented outbreak in 1946 and 1947 of the green peach aphid on tobacco 
and the difficulty in controlling it with insecticides. The green peach 
aphid is a common pest of such crops as potatoes, peppers, and spinach. 
This insect. did not damage tobacco until 1946, when it suddenly devel- 
oped in large numbers on tobacco over the eastern part of the United 
States. Studies on aphids on flue-cured tobacco are located in North 
Carolina and South Carolina, and those on dark fire-cured and burley 
tobacco are located in Tennessee. 


D. FUNDS—ANNUAL EXPENDITURES 
Expenditures for the fiscal year 1950 were approximately $15,000. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Parathion and tetraethyl pyrophosphate insecticides demonstrated 
to control aphids on tobacco.—Tests with these two materials, which 
were developed on shade-grown tobacco, under line project I-d-12-9, 
have demonstrated their good performance on flue-cured tobacco in 
South Carolina. 

Shield developed to protect spray operator from parathion and other 
insecticides.—This shield of light transparent material is attached to 
the rear of the horse-drawn traction sprayer commonly used for spray- 
ing tobacco, in some areas, and protects the operator from the drift of 
the insecticidal sprays. It has been used in a limited way by the 
growers. It is expected that when it becomes generally known that 
these devices are available more of them will be in demand. 

A common weed, dock, was shown to be an important source of 
aphids on tobacco in the Carolinas.—-The aphids feed on this plant dur- 
ing the winter as well as on the less-abundant collards and turnips. 
The aphids require a continuous supply of green food for survival in 
the warm climate of the Carolinas. They would be controlled if de- 
prived of food plants for part of the year. It is important that these 
food plants anid thet relative importance be known for each tobacco- 
growing area. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to the current work, there is need for: 

Expansion of work.—An investigation, in cooperation with plant 
pathologists, of the relation of aphids’ feeding on tobacco to the spread 
of virus diseases of tobacco which, with the advent of aphid outbreaks, 
are becoming more prevalent. 

Studies on aphid disease Studies to date on the aphid problem 
show that at least three unnamed diseases attack and kill the aphids 
under some conditions. An investigation on the nature of these dis- 
eases and the conditions favorable to their development should be 
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made to determine if they can be cultured in the laboratory and utilized 
to control the aphid in the field. 


Tosacco Propucrion, Breepine, Disease, AND QUALITY 
INVESTIGATIONS 


(BPISAH—a-7-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Conduct research on the quality and improvement of to- 
bacco leaf; (2) investigate tobacco diseases and discover methods for 
their control; (3) develop improved varieties and strains of tobacco; 
(4) conduct fundamental studies on the relation of soil conditions, 
light, temperature, and other environmental factors to growth and 
quality of tobacco; (5) investigate effects of the kind, quantity, and 
method of application of fertilizer on yield and quality of the crop; 
(6) determine the most effective cropping systems for tobacco soils; 
(7) effect improvements in seedbed management and in methods of 
growing, curing, and handling the crop; and (8) develop high-nicotine 
tobacco for insecticidal use and discover best cultural methods for 
maximum production of nicotine at lowest cost per unit. 

The current work is pointed toward the development of tobacco 
varieties of each of the several types which possess adequate resistance 
to one or more diseases prevalent in certain areas and at the same time 
produce cured leaf adapted to the exacting manufacturing demands. 
The ultimate purpose is to minimize the hazards to economical pro- 
duction inherent in present methods and conditions and aid the 
grower, by introduction of new and improved practices, to consistently 
produce satisfactory yields of leaf adapted to current manufacturing 
demands at a minimum cost. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a~7-1-1—Improvement in cigar filler and cigar binder tobaccos by 
development of more adequate cropping systems and fertilization 
and cultural practices. (1) To develop more adequate cropping sys- 
tems to maintain optimum soil conditions for production of high- 
quality cigar leaf; (2) to study the fertilizer requirements in relation 
to composition, time, method, and rate of application; and (3) to 
determine the most effective use of manure and other organic supple- 
ments as they influence the soil moisture and structure controlling 
growth, yield, and final quality. 

a—7-1-2—Improvement by the breeding of strains of cigar filler and 
binder tobaccos that are resistant to disease and are of acceptable 
growth and quality. To better standardize the type by developing 
improved strains of cigar filler and binder tobaccos which are capable 
of producing high yields of leaf of superior quality and are resistant 
to the diseases prevalent in the area. 

a~7-14—Improvement of flue-cured tobacco by development of 
more adequate fertilization, cropping systems, and cultural practices. 
Under more intensive production methods, to obtain maximum per- 
ra of the cigarette grades now in active demand (1) by proper 
use of the essential elements necessary in the fertilizer as to source, 
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rate, time, and method of application; (2) by use of more adequate 
cropping systems to obtain disease control and proper physical con- 
dition of the soil; and (3) by develo ing good cultural practices. — 

a~-7-1-5—Investigation into the fundamentals of the flue-curing 
process with a view to improvements. To develop the fundamental 
requirements for flue-curing as to time, temperature, and humidity 
requirements at the various stages to secure cured leaf of known his- 
tory of maximum quality and in order to make appropriate chemical 
and physical quality evaluations of the final product. 

a~-7~1-6—Improvement by breeding of varieties and strains of flue- 
cured tobacco, with desirable growth quality and resistance to the 
prevailing diseases. To develop improved varieties and strains of 
flue-cured tobacco capable of producing maximum yields of the grades 
of leaf especially suited to the manufacture of cigarette and smoking 
blends associated with acceptable growth, yield, and quality, and 
resistant to one or more diseases prevalent in the area—namely, Gran- 
ville wilt, black shank, fusarium wilt, blue mold, mosaic, wildfire, black 
fire, black root rot, and meadow nematode root rot. 

a-7-1-8—Effects of fertilization, cropping systems, and cultural 
and curing practices on yield and quality of Maryland tobacco. To 
produce the maximum yields of cigarette grades of leaf by the most 
efficient method of fertilization as to rate, time, method, and essential 
elements of application, by understanding the most effective cropping 
systems and natural vegetation covers; and to lower the percentage of 
“dull” grades produced by working out improved culture and curing 
procedures. 

a—-7-1-9—Improvement of Maryland tobacco by breeding and selec- 
tion of better varieties and strains. To develop Maryland tobaccos 
having resistance to the common diseases prevalent in the area, with 
desirable growth characteristics and composition that will yield a 
high percentage of grades suitable for manufacture of the currently 
popular blended cigarette. 

a-T-1-10—Control of tobacco root diseases, more particularly root 
knot and root rots. To lessen production hazards by developing 
adequate and simple control measures for all tobacco root diseases, 
with special emphasis on breeding for disease resistance. 

a-7-1-11—Control of tobacco leaf diseases, with special reference 
to blue mold, wildfire, black fire, and mosaic. To develop adequate, 
simple, and inexpensive control measures for the major leaf diseases 
by management, sprays, dusts, and breeding for disease resistance. 

a-7—-1-12—Control of tobacco stalk diseases, more particularly 
Granville wilt and black shank. To obtain practical control measures 
for the destructive stalk diseases, with emphasis on the breeding of 
highly resistant strains that are also satisfactory with respect to yield 
and quality. 

a-7-1-15—Nutrition of tobacco. As a basis for more intelligent 
fertilizer usage, to determine the effect (role and function) of each 
of the essential elements—including nitrogen, phosphorus, potassium, 
calcium, magnesium, and sulfur—as well as the micro or trace 
elements, as they control growth and development of the tobacco 
plant in the field and finally the physical and chemical properties of 
the cured leaf associated with quality. 

a—7-1-16—Improvement in burley tobacco by development of more 


effective cropping systems, fertilization, and cultural practices. To 
78552—51—vol. 2-26 
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obtain and maintain the proper conditions in the soil to secure maxi- 
mum production of the cigarette grades of burley by more adequate 
cropping systems, cultural practices, and fertilization. 

a—7-1-17—Improvement and standardization of burley tobacco 
varieties. To better standardize the burley type with desirable 
growth, yield, and quality characteristics capable of producing maxi- 
mum yields of cigarette grades now in active demand and resistant 
to the several destructive diseases prevalent in the area. 

a—T—-1-18—Development of more adequate plant bed management 
and procedures. To develop procedures to assure a dependable and 
early supply of vigorous and healthy tobacco seedlings suitable for 
transplanting, (1) by devising effective methods for control of weeds 
and diseases; (2) by providing suitable protection from late freezes; 
(3) by adding proper organic supplements; and (4) by determining 
the best rate, source, method, and time of application of plant bed 
fertilizer. 

a—7-1-19—Maintenance of seed stocks of superior tobacco; deter- 
mination of regions and cultural procedures, drying and handling 
methods best adapted for production of high nicotine tobaccos as a 


holding project to maintain improved seed stocks and to observe 
seasonal and local adaptation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The tobacco improvement program in USDA was initiated prior 
to 1900, with early emphasis on effects of soil conditions on yield and 
quality of the crop. Important pioneer work on mineral nutrition 
was connected with magnesium and the micro elements including 
boron in relation to growth of tobacco, the findings of which have been 
found to be applicable to many other crops. Early work was done on 
black root rot, mosaic disease, and the method of sterilization of seed- 
beds by steam. Studies have been made of nitrogen and potassium 
nutrition and of the occurrence of the alkaloid nicotine and fire- 
holding capacity of the cured leaf. Improvements in cultural and 
cropping systems have received attention, as has the development of 
disease-resistant strains of acceptable commercial quality. 


D. FUNDS-—-ANNUAL EXPENDITURES 


In the earliest years this work on tobacco in the Department was 
financed from a fund covering several crops or lines of work. There- 
fore, estimates for the early years are difficult to obtain. A very rough 
estimate of the annual expenditures from 1910 to 1929 ranged from 
$23,000 to $87,800. From 1930 to 1935 the annual expenditures ranged 
from $87,300 to $87,700. In 1936, serious outbreaks of the blue mold 
disease of tobacco called for expansion of the tobacco research program 
and necessitated additional expenditures which were increased to 
$153,000. From that time, the annual expenditures on tobacco investi- 
gations have varied from approximately $150,000 to $193,300 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENT 


Introduction of shade tobacco culture into the Connecticut Valley 
by Department workers around 1900 led to the development of a 
unique, extensive, and profitable industry. 
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Demonstration (1912-17) of insect transmission of mosaic \ed to 
general recognition of the host-vector relationship in the spreading of 
this serious disease of tobacco and other plants. Seedlings of diseased 
plants remained free of the disease. The virus remained infective in 
high dilution without the insect vector. Air-cured tobacco was found 
to be a source of the disease for many years. Various strains of the 
virus were early recognized and insects were found to transmit some 
strains and not others. 

Development of black root rot resistant varieties of tobacco of the 
cigar binder and white burley types. This development extended 
over a period of years (1915-19) and is still continuing for needed 
improved lines. However, this pioneer work was a demonstration of 
disease resistance in tobacco which has now been extended to almost 
all major tobacco diseases. 

Discovery (in 1920) of the remarkable influence of relative length of 
day and night on plants was the result of research with a giant strain 
of Maryland narrowleaf tobacco that failed to flower and produce 
seed when grown in Maryland. As a result of this discovery, it is now 
known why some plants always naturally flower in the winter and 
others only in the spring and summer. 

Discovery (in 1921) of the widespread occurrence of magnestum 
deficiency in tobacco soils resulted from work dealing with the fertili- 
zation of tobacco. The commercial value of the crop, due to an in- 
adequate supply of magnesium in the soil where it is not supplied in 
the fertilizer, is greatly reduced. This discovery led to the inclusion 
of magnesium generally in fertilizers applied to sandy and sandy-loam 
soils for tobacco and other crops. 

Demonstration that tobacco in continuous cultwre (1924) is not 
necessarily responsible for soil exhaustion.—In general, the yields of 
small grains are better after tobacco than after corn. However, no 
system of crop rotation has been found which produces yields and 
quality of tobacco equal to those obtained following a weed fallow 
rotation of two or more years duration when there are not complicat- 
ing diseases and insect pests. This rotation of tobacco and weed 
fallow is not damaging to soil productivity. 

Method found to detect aelelouns of specific elements in soils.— 


Research on the tobacco plant has demonstrated the possibility of 
detecting specific soil deficiencies through observation of = ab- 


normalities. Based upon these findings it has been found possible 
to prepare a key to make easier the diagnosis of deficiency effects on 
the tobacco plant. This work has stimulated similar studies on other 
plants from which to establish a practical basis for preparing cor- 
rective fertilizers. 

Controls developed for blue mold on tobacco.—Research work on 
control of blue mold was started in 1932. Now tobacco growers have 
their choice of three methods of blue-mold control: gas, spray, or dust 
will do the job effectively and economically. 

Development of a Granville wilt resistant flue-cured tobacco—Wilt 
took a severe and increasing toll for around 40 years, and in 1942 
it was estimated that the loss from this disease alone was $2,400,000. 
Growers having “diseased” land suffered an average loss of about 20 
percent of their crop. By 1947 about 80,000 acres, practically all on 
wilt-infested land, was planted to Oxford 26, and where this variety 
was grown the wilt losses were practically eliminated. 
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Development of two improved varieties of flue-cured tobacco. 
Dixie Bright 101 and 102, of acceptable commercial quality and with 
resistance to two destructive diseases—Granville wilt and black 
shank—were released to growers in 1950. This was the first attempt 
to develop strains of tobacco with resistance to two or more diseases 
that are now overlapping in their occurrence. The average value of 
Dixie Bright 101 tobacco was $852 per acre in tests at two locations 
in 1948, and $751 per acre at 11 locations in 1949. Dixie Bright 102 
is very high in quality and is recommended where the two diseases 
are severe. Average value of Dixie Bright 102 was $632 an acre 
at two locations in 1948 and $514 an acre at 14 locations in 1949. 


F. SOME ADDITIONAL WORK NEEDED 


Development of tobacco varieties with multiple disease resistance.— 
Destructive tobacco diseases are progressively extending into new 
areas and there is much overlapping. In many localities two or more 
serious diseases, such as Granville wilt, black shank, black root rot, 
and meadow nematode root rot, are common in the same area. There 
is a very real need for development of tobacco varieties with resistance 
to all the diseases found in a given area; at the same time, the varieties 
developed must yield a product acceptable as to yield and quality. 
Work carried out over an extended period has demonstrated that 
there is adequate resistance available to most of the common tobacco 
diseases in different commercial varieties or related species, but that 
satisfactory new genetic combinations can be obtained only by ex- 
tensive and intensive effort in genetic, breeding, and selection tech- 
niques. In many localities the future of the industry is dependent 
upon new varieties resistant to one or more rapidly spreading diseases. 

Investigations to develop practical methods for improving the fire- 
holding quality of cigar and certain light air-cured tobaccos through 
research studies involving mineral nutrition and crop handling, with 
particular emphasis on potash availability and effect of the chlorine 
complex of the soil on the tobacco leaf. This problem is especially 
serious in all cigar-tobacco-producing areas in Wisconsin, Ohio, and 
Pennsylvania, and in most of the burley production area. 

Better methods of producing an adequate, dependable, and early 
supply of tobacco seedlings suitable for transplanting —Due to scarcity 
of wooded areas, the location of seedbeds in open fields on soils which 
are low in moisture, fertility, and organic-matter content is increas- 
ingly adding difficulties to one of the annual bottlenecks of tobacco 
production. Such areas have little natural protection from chilling 
winds, and the weed hazard is often greater. Weeds are often alter- 
nate hosts for virus and root knot, and in addition always actively 
compete for light, moisture, and nutrient elements. Diseases have 
become more prevalent, and effective controls must be developed that 
are Inexpensive and simple. A permanent seedbed is desirable, since 
it can be provided with water and windbreaks, but adequate, effective. 
and practical methods of sterilization to control weeds and diseases 
must be worked out. The proper physical condition and fertility of 
the soil must be determined, and better methods must be developed for 
maintaining these conditions. 

Maintenance of high quality in tobacco combined with high yields. — 
Tobacco production in recent years has been at the highest level as to 
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average yield per acre. This is true of all types in varying degrees, 
and particularly for tobacco leaf used in the blended cigarette, such 
as flue-cured and burley. However, the suitability of the product to 
manufacturing demands has not been*maintained. It is imperative to 
determine if high yields and high quality can be produced economi- 
cally and simultaneously by regulated fertilization, adapted cropping 
systems, suitable varieties, and proper handling procedures. Profit- 
able tobacco production can only be maintained under the prevailing 
economic conditions by producing high-quality leaf and at the same 
time maintaining the high acre yields. If costs of production are 
increased or quality is not maintained, the foreign export trade will 
be further curtailed through competition with cheaper low-quality 
tobaccos now being produced in many parts of the world in direct 
competition with our export markets. The level of both domestic and 
foreign consumption is important in maintaining the volume outlet 
for tobacco as an important farm product. 


Minerat Nourrition or Fivse-Curep Toracco, Espectatty 1x Rewa- 
TION TO THE Micro or Trace ELEMENTS AND Hyprocen-Ion Concen- 
TRATION RequrreD To Osrarn Lear or Hie Quatiry 


(BPISAE—SRF 2-107—Federal-State—SRF Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the effect of various levels of soil hydrogen-ion 
concentration on the availability of the several nutrient elements as 
related to yield and quality of the tobacco, and (2) determine if high 


yields can be combined with high quality by curing or other proce- 
dures. The current program is stressing fertilizer treatments made on 
established replicated plots with pure chemicals at a high and a low 
rate of boron, copper, manganese, and zine, and application of potas- 
sium carbonate, calcium carbonate, and ammonium sulfate to vary the 
acidity or alkalinity of the soil. 


B. CURRENTLY ACTIVE LINE PROJECTS 


The work project also serves as line project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Considerable research has been done on the mineral nutrition of 
tobacco, insofar as this concerns the elements required in moderate or 
large quantities, including nitrogen, phosphorous, potassium, calcium, 
magnesium, and sulfur. Little information, however, has been pub- 
lished regarding yield and quality of tobacco as influenced by elements 
that, while essential for growth, are required in small quantities only— 
namely, boron, copper, manganese, and zinc. 

Field and laboratory studies were begun in 1940 at the Pee Dee 
Experiment Station, Florence, S. C. The field plot tests were made 
on typical Marlboro fine sandy loam, an important flue-cured tobacco 
soil of the Coastal Plain. All basal fertilizer salts used were selected 
by chemical analysis for their freedom from the several micro or trace 
elements being studied, in order to eliminate the possible presence of 
these elements in unknown quantities, which would lead to uncertain 
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results. By 1947 the established plots showed significant changes in 
the nutrition levels of the elements under consideration as they might 
be related to the acidity or alkalinity of the soil. The work was then 
redirected to take the form of the currently outlined project with 
emphasis on the effects of soil hydrogen-ion concentration on the 
mineral nutrition of tobacco. Extensive analyses of the tobacco leaves 
at the upper and lower levels on the plant, as well as the stalk and roots, 
are ind each year to determine the response of the plant parts as 
related to the cumulative treatments and the quality of the leaf. 


D. FUNDS—-ANNUAL EXPENDITURES 


In 1940 appropriation was authorized for research studies on the 
mineral nutrition of tobacco. Annual allotments from 1940 to 1946 
ranged from $9,800 to $10,000. Since 1947, when the project was 
redirected with emphasis on the effect of hydrogen-ion on mineral] 
nutrition of flue-cured tobacco, the annual allotments have ranged 
from $8,500 to $10,100 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


In the 9-year period, deficiency symptoms did not develop when 
either boron, copper, manganese, or zine was withheld from the fer- 
tilizer. With the higher application of these elements, boron alone 
produced toxicity symptoms. The micro elements were taken up by 
the plants in proportion to the quantities added. The addition of 
potassium carbonate and calcium carbonate increased the pH of the 
soil, and use of potassium and ammonium sulfate decreased it. High- 
est yields and values were obtained from use of high rates of potash 
as sulfate and carbonate. Properly ripened leaf grown under reason- 
ably increased nitrogen fertilization can be cured without materially 
changed conditions, and results in good quality leaf. The results of 
these experiments, while largely negative with regard to application 
of the trace elements, are highly significant in the formulation of 
fertilizers for tobacco and provide a basis for a saving to producers 
of many thousands of dollars annually. 


F. SOME ADDITIONAL WORK NEEDED 


In many areas the addition of micro elements to tobacco fertilizers 
has become a controversial problem, with particular reference to the 
yield and quality of the crop. Continued use of the special plots 
is desirable to determine whether the micro elements in the soil can 
be depleted to the point that deficiency symptoms will be shown. 
Should this situation be obtained, an opportunity will be offered for a 
— special test in the use of radioactive tracers of the micro elements 
under study. The value of the plots becomes greater for fundamental 
fertilizer studies the longer they are used, since it takes several years 
to build up the cumulative effects of a given treatment. This is 
particularly true of the micro elements under investigation. 
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FUNDAMENTAL Srupres oN Roor-Ror Diseases or Fiur-Curep 
‘Tospacco 


(BPISAE—SRF—2-108—Federal-State—SRF Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) isolate and definitely identify the organisms causing root- 
rot diseases of flue-cured tobacco, and (2) determine their life his- 
tories, distribution, and the predisposing conditions that influence 
their activity relative to establishing control procedures. Funda- 
mental problems on chemical control methods and genetic resistance 
are a current effort in the broader aspects of over-all disease control 


that will at the same time maintain highest quality of the cured 
tobacco leaf. 


B. CURRENTLY ACTIVE LINE PROJECTS 


The work project also serves as line project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Root knot was the first serious root disease recognized and investi- 
gated in the flue-cured tobacco area. More recently the nematode 
root-rot disease has been identified as a serious problem, particularly 
in the South Carolina area. Root rots are widespread in the flue- 
cured area and appear to be a complex multiple-parasite host relation- 
ship not basically understood. Nematodes are a definite major factor, 
but other parasites appear to be involved which have not been identi- 
fied. This project was initiated in 1947, to go into these fundamental 
causal relationships in order to provide a sound foundation for the 
development of control measures a upon genetic resistance, chem- 
ical treatments, or other means. The investigations to date have dealt 
specifically with the identification of some of the organisms, invasion 


damage on tobacco roots, and the alternate crop and weed hosts of the 
organisms. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Annual allotments for this project range from $10,500 in 1947 to 
$16,900 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The life history of the tobacco nematode root-rot organism has been 
clearly followed, and the relation of cotton, corn, and crabgrass as 
alternate host plants has been demonstrated. The basic resistance 
of the tobacco plant to nematode root rot and root knot has been found 
to be closely linked genetically, and varieties with high resistance to 
both diseases have been found. However, these characteristics are 
also linked or inherently associated with unfavorable growth and 
quality. The problem of developing varieties with good growth and 


quality, as well as high resistance to both diseases, will be a difficult 
one. 
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F. SOME ADDITIONAL WORK NEEDED 


Breeding and selection work should be intensified to break the 
linkage between the basic resistance to root-rot diseases and undesir- 
able quality and growth characteristics, with the object of developing 
an improved variety having all the combined desirable characteristics. 
There is indication that other parasitic nematodes are attacking the 
tobacco plant. This fact hou be determined and attention given to 
the alternate weed or crop hosts involved. All of the host-parasite 
relationships should be investigated as a basis for developing adequate 
resistance in varieties with acceptable commercial quality. 


‘Topacco-CuriINnG INVESTIGATIONS 


(BPISAE—RM: b-170—Federal-State—RMA funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new types of structures, new equipment, and practices 
for curing bright-leaf tobacco. Special attention is given to produc- 
ing better cured tobacco cheaper, to using labor more effectively, and to 
designing tobacco barns and equipment that will be better suited to 
storing, drying, and farm utility purposes. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-170-1—Develop a unit for continuous operation for curing 
bright-leaf tobacco. To develop a structure that can cure tobacco 
from as much as 8 to 10 acres and still be serviced by labor from a 
family group. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The conventional tobacco barn (approximately a 16-foot cube) has 
been used for curing bright-leaf tobacco for almost 100 years. It has 
these disadvantages for a small tobacco grower: (1) It cannot be filled 
with uniformly ripe tobacco; (2) the barn has to be filled in 1 day, 
which requires more labor than is available at the tobacco farm, and 
extra labor is often difficult to obtain; and (3) most small farms are 
greatly in need of space for storage and work, and the conventional 
tobacco barn is not suitable for any use on a tobacco farm except to 
cure tobacco, Loa 

Experiments were conducted in 1948 to determine if bright-leaf 
tobacco could be cured efficiently on movable racks of a capacity of 
approximately 100 sticks of tobacco. The results were satisfactory. 
In 1949 a building 36 feet wide, 60 feet long, and 10 feet high, with 
three compartments, was constructed. Each compartment has three 
chambers for different operations in the curing process. A study is 
now under way to determine the optimum temperatures, humidities, 
and ventilations for various chambers, so as to produce the best 
cured tobacco. Various types of heating systems are being studied. 
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D. FUNDS—-ANNUAL EXPENDITURES 


In 1948, $15,000 was allotted to the project. The allotment has 
been $20,000 per year for 1949 and 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A structure which may be operated continuously for curing bright- 
leaf tobacco has been designed, constructed, and used successfully. 
Curing operations have met the expected requirements of ease of filling 
two racks with tobacco each day, of mg ripe tobacco to be 
primed from a small acreage, and of filling racks with tobacco that 
will cure uniformly from small acreage allotments. In 6 days more 
than twice the capacity of a conventional barn can be cured. Tobacco 
growers are especially interested in the small number of laborers 
required for the operations. 


F. SOME ADDITIONAL WORK NEEDED 


The research problem is to develop a tobacco-curing barn that will 
fit farmers’ needs for curing bright-leaf tobacco, and that will yield 
the highest income to him and be a structure that can be used for as 
many other purposes as possible. The solution to the problem has not 
been obtained. There are details yet to be worked out for curing 
tobacco, such as heat distribution, heat control, and ventilation. Other 
uses for the building, such as drying hay, curing sweetpotatoes, drying 
lumber, and drying and storing small grain and corn, have not been 
explored. If the building is to serve its greatest usefulness, these 
phases of the program of research to make it suit the needs of the small 
tobacco grower should be continued. 


CROSS REFERENCES 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—a-—1-22, Chapter 24, profitable size of tobacco farm. 

BPISAE—b-11-3, Chapter 18, introduction and evaluation of specialty crops. 
BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAE—e—4-1, Chapter 30, curing bright-leaf tobacco. 

BPISAE—q-2-2, Chapter 38, plant-disease survey. 

BPISAE—RM: b-48, Chapter 31, research on nematodes. 

BPISAE—RM: b-51, Chapter 38, forecasting disease. 

BPISAE—RM: b-57, Chapter 31, weed-control studies. 

FS-RM: a-3, Chapter 21, farm-land timber for curing tobacco. 





AGRICULTURAL RESEARCH AND RELATED SERVICES 


B. UTILIZATION 


Urmiation INVEsTIGATIONS ON TosBacco' 
(BAIC—RRL-—4-5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


By means of chemical and chemical engineering research, to (1) find 
more extended uses for tobacco and its byproducts; (2) improve the 
insecticidal value of nicotine; and (3) develop new industrial products 
from tobacco. The current work is devoted to improving the recovery 
of nicotine from tobacco, extending the use of nicotine in insecticides, 
and obtaining basic information on the chemistry of tobacco products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Research project RRI-4-(5)-B-3—Chemical research on utilization 
of tobacco 

RRL-4-(5)-—B-3-1—Nicotine insecticides. To improve the efficiency 
and extend the uses of nicotine insecticides. The biological testing is 
done by the Bureau of Entomology and Plant Quarantine, Rhode 
Island Agricultural Experiment Station, and Connecticut Agricul- 
tural Experiment Station. 

RRL-4-(5)-B-3-3—Recovery of nicotine from tobacco. To im- 
prove the recovery of nicotine Hen tobacco scrap, from tobacco fac- 
tory air, and from Nicotiana rustica plants. 

RL-4-(5)-B-3-4—Photochemical decomposition of nicotine. To 
study the effect of light on mixtures of nicotine and certain dyes. 
This is a unique type of oxidation involving the particular amino 
group in nicotine. ‘The reaction is now extended to the oxidation of 
amino acids in viruses, enzymes, and other biologically active pro- 
teins. (See Milk Products Utilization Investigations, RRL——6.) 

RRL-—(5)-B-3-5—Field surveys and industrial development of 
nicotine and other tobacco derivatives. To further the use of tobacco 
as a source of derivatives, such as nicotine, rutin, and organic acids. 
This involves the liaison between the Bureau and the tobacco industry 
and study of economic and technologic trends in nicotine and compet- 
ing insecticides. 

RL——(5)-B-3-6—Production of extracts of tobacco aroma. To 
develop methods for concentrating the fragrant constituents of 
tobacco, and to evaluate the utility of such concentrates in the tobacco 
industry. 


Research project RRL-4—(5)—E-1—Chemical engineering studies on 
the utilization of tobacco 
RRL—4—(5)—E-1-3—Miscellaneous chemical engineering services. 
; as 
To aid in the development of new and extended uses for tobacco by 
means of advisory chemical engineering service, through the prepara- 
tion of preliminary cost estimates on processes still in the laboratory 
stage and through assistance in problems entailing engineering design. 
1A commodity project of one of the regional research laboratories administered by the 
Bureau of Agricultural and Industrial Chemistry. Under sec. B of this report, currently 
active line projects are grouped under their parent research projects, which correspond 
approximately in scope to the regular work projects of other bureaus of the Department 


Likewise, under secs. D and E research projects are used as the basis for reporting 
expenditures in 1950 and outstanding accomplishments. 
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Also, to review specifications for equipment and to render routine 
services such as the preparation of charts and drawings. 
RRL-4—-(5)-E-1-9 (Rev. 2)—Chemical engineering studies on re- 
covery of nicotine from nicotine-containing plants. To extend the 
uses of nicotine by developing more efficient means for its commercial 
recovery from tobacco wastes and from dried Nicotiana rustica 
plants. 
Research project RRL 4-(5)—-A-1—Analytical chemical investiga- 
tions 
RRL-4—(5)—A-1-1—Research analysis investigations. To _per- 
form routine and specialized chemical analyses on tobacco and derived 
products, and to develop new and improved methods of analysis when 
required. 
Research project RRL-4-(5)—A-2—Physical chemical investigations 
RRL-4—(5)—A-2-1—Miscellaneous physical chemical investiga- 
tions. ‘To apply specialized methods of physical chemistry to the 
chemical and technological problems arising in the development of 
new and extended uses for tobacco. 


Research project RRL-4-(5)—A-3—Physical investigations 

RRL-4—(5)-—A-3-1—Miscellaneous physical investigations. To 
apply specialized methods of physics, and the services of physicists, to 
the chemical and technological problems arising in the development 
of new and extended uses for tobacco. 


Research project RRL-4-(5 }}A-4—T obacco composition investiga- 
tions 
RRL-4—(5)—A-4+-2—Byproducts from waste tobacco. To deter- 
mine the chemical composition of waste tobacco products in order to 
discover components or uses of possible value to industry. 


Research project RRL-4-(5)-OD-1—Developmental studies on the 
utilization of tobacco 
RRL-4-(5)—OD-1-1—Technical development surveys relating to 
the industrial utilization of tobacco. To aid in the development of 
new and extended uses of tobacco products through technical surveys 
of raw materials and other factors which may determine the feasibilitv 
of commercial exploitation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Agronomic work on tobacco has been going on in the Department 
for many years. Some chemical work on tobacco alkaloids was car- 
ried on in the 1930’s. But the present technologic approach to the 
problems of the tobacco industry began in 1940 with the expanded 
program at the Regional Laboratories. It has followed these specific 
lines: (1) Constituents of tobacco. In the course of work on the 
composition of tobacco, rutin was discovered in flue-cured tobacco. 
Scientific reasoning led to the conclusion that rutin should have a 
“vitamin P” action. This conclusion was substantiated by extensive 
clinical and pharmacological investigations. The story of rutin is 
reported below (in E, under RRL-4—(5)—A-3) and under Utilization 
Investigations on Vegetables (except White Potatoes) of the Eastern 
Region, RRL-4+4. (2) Recovery of nicotine. Although nicotine 
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has been produced commercially for some 70 years, there is practically 
no published information on the process. aphsemore. in order to 
reduce the cost of nicotine and hence to help it meet competition by 
synthetic insecticides, new techniques of recovery are required. (3) 
Derivatives of nicotine. In the hope of improving the insecticidal 
value of nicotine, several hundred derivatives and compounds have 
been prepared and tested. None of outstanding value was found, but 
some of them have fungicidal value, a new phenomenon for nicotine. 
(4) Activators for nicotine. After screening some 600 chemicals, 15 
have been found which, when mixed with nicotine, greatly increase its 
toxicity to insects. This development has promise of great value. 
(5) Pharmaceuticals from nicotine. Many derivatives have been 
tested for various physiological reactions by pharmaceutical firms, but 
no outstanding use has yet been found. 


D, FUNDS—-ANNUAL EXPENDITURES 


From 1941 through 1945 the annual expenditures averaged about 
$154,000; from 1946 through 1949, $208,000. The expenditure in 1950 
was $206,000, apportioned as follows: B-3, $111,300; E-1, $12,500; 
A~1, $20,000 ; A-2, $3,000; A-3, $30,000 ; A—4, $29,200 ; OD-1, nothing. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research project RRL-4-(5)-B-3 


Attapulgite——In looking for the best dust vehicle for insecticide 
screening, BAIC found that the mineral attapulgite had outstanding 
properties. It issimilar tothe bentonites. It was called to the atten- 
tion of the insecticide trade, and over $500,000 worth of it a year is now 
used, especially with DDT. Although of minor use with nicotine, this 
discovery has supplied agriculture with far more effective insecticides. 

Activators.—The finding of activators or synergists for nicotine is so 
recent that they have not as yet been used commercially. Since they 
increase the toxicity from two to four times, and since some of the 
chemicals are already commercial products, the outlook for this devel- 
opment is good. It should reduce the cost of using nicotine and hence 
greatly improve its competitive status with synthetic insecticides. 

Plant growth regulators —One type of nicotine derivative, when 
applied to plants, causes a shorter, stockier, and heavier growth. Be- 
cause of the great interest in plant hormones, this finding is being 
explored. 

Development of metal nicotine double salts as insecticides —Some 
50 of these compounds have been prepared. Some of them, such as 
those containing copper, are both fungicidal and insecticidal. Some 
are soluble in mineral oil and insoluble in water. Copper nicotine 
cyanide was highly effective in field trials against the codling moth 
and would have had a good future if DDT had not arrived at the same 
time. 

Nicotinic acid from nicotine —When this vitamin was first proposed 
for the fortification of white flour there was a scramble for raw 
materials for making it. Two methods of preparing it from nicotine 
were developed, but coal-tar products later replaced it. 

Oxidation of nicotine by the aid of light—When a solution of nico- 
tine containing a trace of the dye, methylene blue, is exposed to light, 
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a rapid and definite amount of oxygen is absorbed by the nicotine, 
which converts it to several new and unusual compounds. One of them 
has been found in fermented cigar tobacco. This oxidation mechanism 
was then applied to other compounds of even greater importance, such 
as Viruses, enzymes, and the amino acids of milk proteins. 

Research project RRL-4-(5)-E-1 

For recovering nicotine from tobacco stems and waste tobacco leaves, 
a process was investigated on a pilot-plant scale and gave a recovery of 
95 percent of the nicotine. A complete pilot plant was constructed, 
which provided engineering data on which the design of commercial 
nicotine plants could be based. The process involves the use of a sol- 
vent for extracting nicotine from the distillates. The pilot plant 
permits the comparison of other solvents with kerosene, which is 
usually employed. 

Nicotine manufacture.—A new type of acid scrubbing tower was de- 
veloped, in which full-strength (40 percent) nicotine sulfate solution 
can be easily produced from vapors distilled directly from the dried 
plant. Older types can only make a half-strength solution and require 
expensive evaporation or fortification. The use of this tower elimi- 
nates the need for condensing the distillate and for later scrubbing 
it with solvents. This advantage considerably cheapens the process. 
Research project RRL-4—(5)-A-1 

Analytical service and research.—The accomplishments under this 
project were of a service and research nature, which contributed ma- 
terially to work in progress on other projects. Thousands of analyses 
were made on tobacco plants and their derived products for constit- 
uents of importance to tobacco-utilization research. Examples of 
contributions are: (1) Improvement in the method of analysis for 
nitrogen in tobacco alkaloids and related compounds. The latter pro- 
cedure has been adopted as official by the Association of Official Agri- 
cultural Chemists. (2) Development of a new rapid sensitive spectro- 
scopic method for the determination of nicotine in tobacco products. 
This method reduced the time for analysis from 2 days to 1 hour, thus 
greatly expediting research on the utilization of tobacco. The method 
has been published and is now being widely used by tobacco research 
workers. 


Research project RRL-4—-(5)-A-2 

Physical chemical service and research——Up to the present, activi- 
ties on this project have been concentrated on milk proteins, white po- 
tatoes, apples and other fruits, and hides and skins, rather than on to- 
bacco. Accomplishments are presented under similar research proj- 
ects in the reports for RRL-4-(3)—A-2 (ch. 13), RRL-4—(6)-A-2 
(ch. 2), RRL4—(8)-A-2 (ch. 15), and RRL-4-(9)-A-2 (ch. 1). 
Research project RRLI-4-(5)-A-3 


Physical service and research—The accomplishments under this 
project were of a service and research nature dealing with the develop- 
ment of specialized physical methods and their application to work 
in progress under other projects. For example, modern spectroscopic 
methods were applied to highly purified tobacco alkaloids. The re- 
sults were found to be invaluable to other work in progress as a means 


of characterizing these compounds, establishing their purity for fur- 
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ther research work, providing needed information on chemical struc- 
ture, and serving as the basis for rapid precise analytical methods (see 
accomplishment under RRL—4—(5)-—A-1, above). 

Establishment of rutin as a valuable drug for the treatment of hem- 
orrhagic diseases associated with increased fragility and permeability 
of blood capillaries.—Before its isolation from flue-cured tobacco in 
this laboratory, rutin had no known useful applications. After the 
suggestion was made that rutin might have “vitamin P” activity, rutin 
was prepared and supplied to a large number of physicians, pharmacol- 
ogists, and hospitals and its extensive testing encouraged. These 
tests established rutin as a new drug for the treatment of hemorrhagic 
disorders associated with increase ae and permeability of the 
blood capillaries. It reduces the incidence of a and retinal 
hemorrhage ; reduces bleeding in a number of conditions and diseases; 
makes the symptoms of hemophilia less severe; and reduces the severity 
of damage to animals by X-rays and radioactive radiations. Rutin is 
now available in drug stores and has been admitted to the National 
Formulary as a recognized drug. Its value to the country and the 
world is in the reduction of human suffering, which cannot be evaluated 
in dollars. The outstanding nature of this accomplishment was 
recognized by the Department by an award for distinguished service 
in 1947 to the chemist who pioneered this work; it is further described 
in Research Achievement Sheet 95 (C), July 1948. A portion of the 
work received a certificate of merit from the American Medical Asso- 
ciation in a scientific exhibit in 1946. (See project RRL—4—(4)-A-5, 
ch. 14, for further accomplishment. ) 

New technique developed for separating tobacco alkaloids —A 
simple and rapid technique for separating and identifying minute 
quantities of tobacco alkaloids was developed; it facilitates research 
on tobacco processing. The new method employs a procedure known 
technically as “filter paper chromatography,” a research tool developed 
within the past decade, and gives results within 24 hours as compared 
with weeks or months required by other methods. 


Research project RRL-4—(5)-—A-4 
Rutin.—This drug is now in extensive commercial production. For 


reasons given above, it is reported more fully under Vegetable Utiliza- 
tion Investigations, RRL—4+4. 


F. SOME ADDITIONAL WORK NEEDED 


Constituents of tobacco.—In the beginning of this tobacco work it 
was the intention to isolate, identify, and determine quantitatively all 
possible constituents in the various types and grades of tobacco. ere 
was a twofold object—to establish the chemical basis for these types 
and grades, and to find constituents which might have special uses. 
When rutin was found, its importance precluded further work on 
this project for a number of years. A return to it has now been 
started and should be continued at an accelerated pace. New or 
extended uses for constituents isolated from waste tobacco should be 
developed. Research on tobacco stems is greatly needed inasmuch as 
these are now accumulating in unprecedented quantities around manu- 
facturing plants and have given rise to a disposal problem. The 
recovery of citric and malic acids from tobacco wastes is feasible and 
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should be studied further. The resinous constituents of tobacco should 
be investigated chemically, since they contribute a great deal to tobacco 
quality. Changes that occur in the constituents of tobacco during 
curing and fermentation should be elucidated in order that processes 
may be set up or modifications of existing processes suggested so as to 
produce a product of better quality. 

Nicotine insecticides.—It is always conceded that nicotine is a good 
insecticide: It can be used as spray, dust or gas; it is toxic to most 
insects ; its residues are easily removed; and it is not hazardous to ap- 
ply. It is, however, expensive. Consequently efforts should be con- 
tinued to increase its effectiveness and decrease the cost of its use. 
These efforts can be toward modifying the nicotine molecule and to- 
ward finding still better synergists. 

Irritants in smoke.—A study should be made of the origin and 
nature of the constituents of tobacco smoke that cause throat irrita- 
tion. Another phase of this is finding the constituents of cigar tobacco 
smoke that cause the unpleasant odors noticed in a room the next day. 

Alkaloids in smoke.—Although many investigations have been aa 
concerning the alkaloids in tobacco smoke, most of these have stopped 
with the determination of the nicotine content. It is felt that identifi- 
cation and characterization of other constituents of smoke are impor- 
tant, not only from an industrial but also from a physiological stand- 
point. Since the Bureau has recently developed new techniques for 
determining extremely small quantities of the individual tobacco 
alkaloids, this study could be successfully undertaken. 

Pharmaceuticals. —Although only a few nicotine derivatives have 
been evaluated by physiological tests, some intriguing indications have 


come up. All possible derivatives should be tested in all possible ways 
in the hope that a new pharmaceutical based on nicotine may come to 
light. 


PROCESSING THE PLANT “NICOTIANA Rustica” As A SourcE or NICOTINE 
(BAIC—RM: a-132—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To study and develop methods of producing nicotine from green or 
ensiled Nicotiana rustica or other high-nicotine plants or plant juices, 
and to obtain basic chemical-engineering data from which commercial- 
size plants can be designed and processing costs estimated. Current 
work is directed to preservation of the plant and processes for re- 
covering nicotine. {Dorves onding wont on dried rustica is done 
under Comnanaity Project RRL-4-5, Utilization Investigations on 
Tobacco, since the behavior of the dried plant is very similar to that 
of dried tobacco. ) 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-132-1—Preservation of fresh rustica plants. To develop 
methods for preserving rustica plants or their juices so as to enable 
year-round operation of factories for producing nicotine. 

RM: a-132-2—Chemical-engineering investigations on recovery of 
nicotine by processing green or ensiled Nicotiana rustica. To develop 
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processes suitable for commercial production of nicotine from green or 
ensiled rustica plants or juice therefrom. 


C. HISTORY AND EVOLUTION OF THIS WORK 


While the Bureau’s work on rustica has been conducted only since 
1948, the production of nicotine from Nicotiana rustica was first sug- 
gested in 1912, and in 1926 extensive cultural experiments were under- 
taken by industry throughout the United States. The impact of 
the competition from the recently developed synthetic insecticides 
was strongly felt by the nicotine industry. The future of the nicotine 
industry may depend on decisions as to official tolerances of certain 
of the new powerful insecticides. At the beginning of the Bureau’s 
work with rustica there was no American experience with the extrac- 
tion of nicotine from this plant. Thus the engineering and chemical 
studies were undertaken, and experiments were started to determine 
the best manufacturing procedure. 


D. FUNDS—-ANNUAL EXPENDITURES 


The annual expenditures were $14,000 in 1948; $20,000 in 1949; and 
$20,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A new continuous process for the production of 40-percent nicotine 
sulfate from Nicotiana rustica has been developed, and pilot-plant 
investigation has shown it to be technologically suitable for com- 
mercial operation. The juice is expressed from the fresh plant, treated 
with lime, and stored in steel tanks. Throughout the year it is with- 
drawn from storage, clarified, and extracted with kerosene; and the 
extract is processed to form nicotine sulfate. Commercial success will 
depend on an adequate and economically produced supply of this new 
crop. 

F. SOME ADDITIONAL WORK NEEDED 


Technical studies, probably in cooperation with BPISAE, are re- 
quired to determine (@) the feasibility of shipping the dried rustica 


from the area of production to existing eastern factories for nicotine 
recovery, or (b) the feasibility of providing extraction facilities for 
producing nicotine from the juice of the lush plant in the areas suit- 
able for economical growing of rustica. These studies, together with 
the processing aspects which have already been worked out, would 
provide the basis for prompt implementation of these results by oper- 
ating units in the case of a serious emergency, and in case important 
quantities of rustica were available. 
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Devecop INFORMATION ON THE RELATION OF CHEMICAL AND PuysicaL 
Properties or Tospacco to Speciric Usk VALUES AND Devise Rapip 
Meruops ror Tuer DrererMInaTION 


(BPISAE—RM : a-53—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the relation of chemical and physical properties 
of cigarette tobaccos to their specific uses in making a blended ciga- 
rette and the influence of variations in seasonal conditions and in 
cultural and curing practices on these properties; @) test different 
strains of the principal types of tobacco used in making the blended 
cigarette, to determine differences and inherent characteristics; and 
(3) devise new approaches for the chemical and physical determina- 
tions and develop practices that can be used to accurately measure 
the quality of the different types and varieties of leaf used in making 
the blended cigarette. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-53-1—Determine the relation of chemical and physical prop- 
erties of cigarette tobacco to specific uses and devise effective and 
direct means for their determination. To determine what chemical 
and physical properties are associated with specific use values of the 
tobaccos used in making a blended cigarette and to determine these 
properties by precision chemical and physical means not dependent 
upon the human element for evaluation. To determine the contri- 


bution of strains of tobacco to the quality of the blended cigarette 
and the influence of variations in seasonal conditions and in cultural 
and curing practices on these properties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The basis and background for this project was developed through 
the project, Tobacco Production, Breeding, Disease, and Quality In- 
vestigations (a—7-1), from which it draws a background of experi- 
ence and obtains samples of cured leaf with a known history. In 
1948 the first approach in this project was made through a critical 
evaluation of chemical analyses of the domestic types of tobacco 
utilized in making the blended cigarette. The following year more 
concern was given to developing and utilizing instruments for more 
rapid evaluations needed in determining the properties of the tobacco. 
Also, a laboratory was equipped and put into operation, with chemi- 
cal and physical apparatus to be utilized and further developed as 
21 means of exploring the chemical and physical composition of the 
Maryland, burley, and flue-cured tobacco used in the blended ciga- 
rette. The current work emphasizes the development of special appa- 
vatus for rapid and precision nicotine determinations and fractiona- 
tions. Attention is also given to the utilization of other highly spe- 
clalized types of equipment. While these advances in apparatus and 
quality properties of the cigarette tobaccos are being investigated, 
more or less standard chemical determinations for nicotine and other 
known constituents of the three types of tobacco are made to measure 


78552—51—vol. 2-27 





1404 AGRICULTURAL RESEARCH AND RELATED SERVICES 


and evaluate properties of varieties grown under different environ- 
mental conditions and under different practices of fertilization, han- 
dling, and curing, as related to use of the leaf in the blended cigarette. 


D. FUNDS—-ANNUAL EXPENDITURES 


The original 1948 allotment utilized was $15,900. Allotments in 
1949 were $23,000, and in 1950, $25,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A critical review of the chemical data accumulated on cigarette 
tobaccos (Maryland, burley, and flue-cured) obtained in connection 
with other projects was made, and important relationships between 
their chemical composition and qualities for use in cigarettes were 
determined. A method has been devised for testing the leaf burn of a 
single composite sample of a quantity of tobacco instead of testing 
many single leaves, as previously required. Analyses of potassium 
and calcium are now being accurately made with great rapidity, com- 
pared to conventional methods, by adaptation of a new instrument, a 
flame photometer, to this use. By means of a Beckman spectrophoto- 
meter with ultraviolet light attachment and a new electrically heated 
steam distillation apparatus, nicotine determinations are now carried 
out with much greater rapidity and precision. By means of the spec- 
trophotometer, the color of the leaves of three cigarette types has been 
measured in fundamental units of light absorption and reflection, 
without resort to visual methods of examination. 


F. SOME ADDITIONAL WORK NEEDED 


There is need for additional chemical work to relate the effects of 
farming practices to tobacco that meets consumer requirements.— 
Farm practices in regard to rates of fertilization, methods of handling, 
and the use of new varieties over large areas are geared to high acre 
production. Tobacco is used for its alkaloids and other properties, 
which are constantly being modified by production practices and 
varieties. More chemical work should be concentrated on the identi- 
fication and separation of the alkaloids that occur in tobacco produced 
from new varieties and new practices. Physical studies with empha- 
sis on the detailed anatomy of the tobacco leaf as related to use values 
should be made. This means of evaluation might prove to be more 
readily applied in selecting for specific uses than by selecting on the 
basis of the more techintant chemical qualities, which are difficult to 
determine. 

Use evaluation studies should be extended to other types of to- 
bacco.——This project has been limited to one line of work covering 
tobaccos used in blended cigarettes. The approach for chemical and 
physical evaluation studies made on the cigarette tobacco should be 
extended to cigar and pipe tobaccos, as well as other tobaccos for 
domestic and export use. There is a need especially for making use- 
value studies on the cigar leaf, cigar filler, and cigar binder types of 
tobaccos, which studies might well be followed through when more 
definite progress is made on the use values of cigarette tobaccos. 
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C. MARKETING 


Price, Surety, AND Consumprion ANALysis ror Farm Propwucts 
(Tosacco) 













(BAE—A-2-7—Federal-Regular Funds; BAE—RM: c-—33—Federal-State— 
RMA Funds) 


(The discussion of line projects and expenditures on project RM: ¢c-33 in this 
and other commodity chapters covers only work done by BAE. A general 
summary statement for this project, in Chapter 27, Prices and Income, sum- 

marizes not only the research and expenditures of BAE but also shows ex- 

penditures of OES and lists OES line projects carried out througk State and 

Territorial experiment stations. ) 










A. PURPOSE AND NATURE OF CURRENT WORK 











To (1) appraise the current and prospective economic position of 
tobacco and tobacco products and to make the results available to 
farmers, Government agencies, and the general public through regu- 
lar publications and on special request, and (2) determine the effects 
of market prices and of price policies with respect to tobacco on the 
production and consumption and exports of the various kinds of 
tobacco. 

The currently active line projects on tobacco are carried on with 
both regular and RMA funds. The work under regular funds is 

: largely the current outlook appraisal and the furnishing of informa- 

: tion in response to specific requests. The work under RMA funds 

is in the nature of specialized, systematic studies involving more in- 

tensive analyses. 















B. CURRENTLY ACTIVE LINE PROJECTS 






A-2-7-12—Analysis of current situation and outlook for tobacco 
and tobacco products. To (1) appraise the current and prospective 
economic position of tobacco and tobacco products; (2) carry on the 
statistical and analytical work necessary thereto; and (3) make the 

results available through regular publication and on special request. 
The Tobacco Situation is prepared periodically and issued under this 
line project. 

A-2-7-19—Improved statistical series on tobacco consumption. To 












. construct several improved series for measuring consumption of leaf 
r tobacco and tobacco products. 
2 RM: C-33.13—Price, supply, and consumption analysis for tobacco 





and tobacco products. To determine the effects of market prices and of 
price policies with respect to tobacco on the production and conswap- 
tion of the various kinds of tobacco. An evaluation of the effects of 
price supports on exports will be sought. The study will also analyze 








historical price differences for types w vithin the same class of tobacco— 
‘ particularly flue-cured. Analysis will be undertaken to measure the 
E factors affecting the demand for tobacco products and in turn to 





measure the magnitude in terms of leaf consumption. Examination 
will be made of the extent of substitution between the various grades of 
leaf that might result from varying price relationships. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


(See this project in Chapter 27: Prices and Income.) 

As with other important agricultural commodities, outlook work 
on tobacco was carried on during the 1920’s. By 1929, the Tobacco 
Price Situation was being issued two or three times a year. In 1937 
this was superseded by a more comprehensive publication entitled 
“The Tobacco Situation” which has since been published four times 
a year. Each issue contains, in addition to price data, interpretive 
comment and statistics on supplies, domestic use exports and imports 
on the several different classes of leaf and for individual tobacco 
products. Numerous requests from other governmental agencies, the 
Congress, and the public have been answered. Basic statistical series 
on tobacco have been improved and new ones have been developed 
to aid analysis and to facilitate the handling of requests for infor- 
mation. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures from regular funds during the 1950 fiscal year 
amounted to $15,900; expenditures under RMA funds were approxi- 
mately $12,700. In fiscal years 1948 and 1949 expenditures from reg- 
ular funds were $8,800 and $15,000; and from RMA funds, $5,100 and 
$11,200, respectively. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Regular funds.—Technical Bulletin 587, Consumption and Pro- 
duction of Tobacco in ae was published in 1937 and has become 


a standard reference in this field. Statistical Bulletin 58, First Annual 
Report on Tobacco Statistics, was also published in 1937. Much of 
the work on the basic series going into this report was prepared under 
this project. This report presents extensive compilations of statis- 
tical data over a long period which are fundamental to any analyses 
of trends of tobacco production and consumption. Contributions by 
analysts working under this project were also made to an intradepart- 
mental committee report on export-trade and byproduct uses of to- 
bacco, prepared during 1938 in response to Senate Resolution 291. 
This report shows the trends in United States tobacco exports and 
discusses the problems of the tobacco export trade in the late 1930's. 
A large amount of statistical and analytic material on tobacco was 
prepared in connection with the formulation of the European recov- 
ery program. Much of this material appeared in congressional hear- 
ings relating to the tobacco-export program. 

RMA funds.—Under the RMA project, the work on tobacco up 
to this time has been concentrated on flue-cured price variations and 
the price differentials among the five types of this class of tobacco. 
Two preliminary reports were published in summary form in the 
Tobacco Situation for August 1949 and May 1950. These reports 
have shed considerable light on the magnitude and pattern of price 
differentials of comparable grade groups, and on the degree of fluc- 
tuation in weekly prices during a marketing season. 
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F, SOME ADDITIONAL WORK NEEDED 


A study of the incidence of Federal, State, and local excise tawes 
on the production, consumption, and price of tobacco is needed. State 
and local tax levies on tobacco have been increased and become wide- 
spread in recent years. Whether taxes have or may reduce consump- 
tion of tobacco and the relationships of taxes to retail, wholesale, and 
farm prices should be investigated. 

A sample survey giving more detailed information on the smoking 
and other forms of tobacco consumption by income group, age, and 
sex would be of great assistance in evaluating future tobacco produc- 
tion and consumption requirements. More accurate estimates of do- 
mestic consumption of tobacco in future years could be arrived at, and 
this would assist in the determination of the size of production quotas 
under Government agricultural programs. 

Determination and measurement of factors affecting demand for 
manufactured tobacco products needs additional attention. 

The effects of market prices and price policies on exports of leaf 
tobacco and on factors affecting the farm price of specific types of 
tobacco should be explored. 


INVESTIGATIONS OF INsEcTs oF Srorep ToBacco 
(BEPQ—I-—d-13—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop more satisfactory methods of controlling the tobacco 
moth and the cigarette beetle in stored tobacco, particularly in open 


warehouses where fumigation is not practical. These two insects 
cause damage to tobacco held in storages for ripening. ‘The cigarette 
beetle also feeds in manufactured tobacco. They have caused annual 
losses variously estimated at from $3,000,000 to $25,000,000 over a 
period of years. This work involves studies on the biology of the two 
insects, tests of sprays, aerosols, and fumigants in factories as well 
as in warehouses, and experiments on different kinds of containers and 
wrappings of possible value in protecting tobacco and tobacco prod- 
ucts from insect attack. 

These investigations have included laboratory tests on chemicals 
to determine their toxic ity to the insects as well as their effects on the 
aroma and aging of the treated tobacco. Most of the tests, however, 
have been on a commercial scale. An individual test often involves 
an entire warehouse containing $1,000,000 worth of tobacco. These 
tests depend on close cooperation with industry. A service performed 
under this project is to advise other Department agencies on the con- 
trol of insects in more than 100,000,000 pounds of tobacco held as 

collateral for Federal loans. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-13—1—Control of insects in storage. To test new insecticides 
in sprays, dusts, and aerosols for the control of the tobacco moth in 
open warehouses. ‘To test new fumigants and sprays for the control 
of insects, chiefly the cigarette be etle, in closed warehouses and fac- 
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tories. To test new fumigants in atmospheric and vacuum chambers 
against tobacco insects. 

I-d-13-2—Insect proofing of tobacco containers. This involves 
the testing of tightly constructed hogsheads and other containers of 
stored tobacco under commercial storage conditions to determine their 
value in preventing insect damage as well as their effect on the aging 
of the tobacco. It also involves the testing of methods of sealing 
packages of cigarettes and other tobacco products to prevent insect 
damage. 

I-d-13-3—Biology and ecology of the cigarette beetle and the to- 
bacco moth. To determine more definitely the causes of variations 
in seasonal activity and abundance of insects in tobacco storages. It 
is common practice for industry to operate suction-lhght traps in all 
warehouses to indicate when to spray or fumigate. These trap rec- 
ords are being studied in relation to winter temperatures and other 
weather conditions and to control operations. Laboratory studies 
are also being made on the food requirements of the insects and the 
relative effect of chemicals on the insects in different stages of devel- 
opment. 


C. HISTORY AND EVOLUTION OF THIS WORK 


With headquarters at Clarksville, Tenn., studies were made from 
1910 to 1918 on the cigarette beetle as a pest of stored tobacco. Con- 
trol measures were recommended, including fumigation with cyanide. 
The tobacco moth became a new pest of stored tobacco in 1930. <A 
laboratory was established at Richmond, Va., in 1930, to develop 
control measures for these two insects. The first 10 years’ work dealt 
chiefly with the life history studies and with the perfection of cyanide 
fumigation. In 1938 an outbreak of the tobacco moth in farmers’ 
pack houses in North Carolina resulted in studies from 1938 to 1940 
on control measures for pack-house conditions. During the past 10 
years chief emphasis has been given to the development of control 
measures for use in open-type warehouses where fumigation is not 
practical. Most of the work, until recent years, dealt with cigarette 
tobaccos, since they are held under storage for aging longer than other 
types. Emphasis, however, is being shifted to cigar tobaccos for 
which cyanide fumigation is objectionable and to the adaptation of 
control measures to factory conditions. Also, during the last few 
years, greater emphasis has been laid upon the study of methods of 


protecting cigarettes, cigars, and other manufactured products from 
insect damage. 


D. FUNDS—ANNUAL EXPENDITURES 


From 1910 to 1918, $2,000 to $3,000. ‘The new project was started in 
1930, with an estimated expenditure of $10,000. Estimates are not 
available for 1931. Average annual expenditures for the fiscal years 
1932 to 1935 were $21,000; from 1936 to 1945, $19,000; and 1946 to 
1950, $20,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Lmproved methods of sealing warehouses made cyanide fumigants 
effective under practical conditions in closed warehouses. These stud- 
les soon demonstrated that the poor results with fumigation were 
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caused by the leakage of the hydrogen cyanide gas from the inade- 
quately sealed warehouses. Methods were developed for sealing ven- 
tilators in walls with suitable paper and glue, sealing sliding doors 
with a dough of asbestos, calcium chloride, and water, and for sealing 
other cracks in the walls and around the eaves with elastic roofing 
cement applied with a pressure gun. These methods were widely 
adopted not only by the tobacco industry in this country and abroad 
but by other industries. Fumigation by use of these methods, now 
generally adopted, saves the industry several million dollals annually. 

The development of the suction-light trap insures efficient timing 
: fumigations by providing a continuous index of insect activity. 

oday traps developed by this work are operated in practically all 
tobacco warehouses and records are kept of the number of insects 
caught. As soon as the catches rise above an established danger point, 
either fumigants or insecticides are applied. Inspections of tobacco 
bales or hogsheads is not a practical means of determining the need 
for initiating control measures. The operation of traps, therefore, is 
essential to control operations. 

Development of apparatus for testing the penetration of fumigants 
led to the improvement of fumigation schedules. A steel spike was 
developed for placing test lots of insects at different depths in tobacco 
hogsheads and removing them for mortality records. This made 
it possible to determine, without disturbing the tobacco, the depth 
to which a fumigation was effective. This speeded up experiments 
with fumigants and led to more effective dosages and exposure periods. 

Development of vacuum fumigation of tobacco increased the facil- 
ities for the control of insects in tobacco that is being shipped into 
or out of the country. This involved fumigation within large vacuum 
chambers which resulted in superior penetration of the poison gas into 
the tobacco containers. 

Development of pyrethrum-oil spray treatments resulted in the pro- 
tection of several hundred million pounds of tobacco held in open 
storage where it cannot be fumigated effectively. Control by the ap- 
plication of pyrethrum dust with special equipment was developed 
first. This treatment was helpful but the accumulated dust deposit 
was objectionable. Pyrethrum-oil spray was found to be more effec- 
tive than pyrethrum dust, but special equipment had to be developed 
before the application to tobacco warehouses proved practical. With- 
in the last few years, this work has made suitable equipment available 
for spraying, and has led to the widespread adoption of spraying 
as a standard procedure in the control of insects in open warehouses. 

Tobacco moth control in pack houses resulted from the use of sani- 
tary measures developed in these studies. 

Acrylonitrile and carbon tetrachloride mixture were found to be 
an effective fumigant for insect control in stored tobacco.—Although 
this fumigant has not been widely adopted because of the possible fire 
hazard involved, it promises to become an effective substitute for 
hydrogen cyanide. 

Tobacco industry saves millions of dollars annually by the use of 
these methods.—The control measures worked out by this research 
have reduced losses caused to stored tobacco by insects from $25,000,- 
000 in 1930 to $11,500,000 prior to the war—an annual saving of at 
least $13,500,000, 
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F. SOME ADDITIONAL WORK NEEDED 


In addition to the current research greater emphasis should be given 
to the development of more suitable control measures for the cigarette 
beetle than the current ones used for the protection of cigar tobaccos 
and manufactured products in factories. 


ResgarcH, SERVICE, AND EpucaTionaL AssIsTANCE FOR COOPERATIVES 
HANDLING SPECIAL Crops 


(FCA-—a-—1—8—Federal—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To provide assistance in the development and operation of coopera- 
tives engaged in handling so-called special crops, as contemplated by 
the Cooperative Marketing Act of 1926. The assistance embraces not 
only research work with the various commodity groups in all phases 
of organization and operation but also service and educational work 
with cooperatives handling tobacco, dry beans and peas, rice, hay, 
sugar products, and honey. At present the work relates primarily to: 
(a) Attitudes of producers of various types of tobacco toward market- 
ing their crops cooperatively; (6) operation of a joint sales agency 
by dry bean cooperatives; (¢) marketing dry peas cooperatively ; and 
(d) miscellaneous educational work. 


B-—1. CURRENTLY ACTIVE LINE PROJECTS 


a—1-8-3—Growers’ attitude toward marketing tobacco coopera- 
tively. To ascertain the attitudes of producers toward the types of 
services performed by cooperatives handling the several principal 
types of tobacco produced in this country, and the changes they deem 
desirable in order to more effectively and economically handle their 
crop. 

Field work on that portion of the study relating to attitudes of 
flue-cured tobacco producers has been completed and a report is being 
prepared. The study will be continued in areas producing burley and 
other types of tobacco in the next two fiscal years. 

a—1-8—-1—Operation of a joint sales agency by dry bean producers’ 
cooperatives. Dry bean cooperatives in the intermountain area have 
heretofore maintained their own sales force and broker contacts. This 
has been needlessly expensive and has made for confusion at market 
centers. ‘The cooperatives have sought to correct the situation by the 
organization of a sales agency, owned and controlled by them, which 
would perform the selling functions of all the members. 

To develop information relating to the dry bean market situation; 
to obtain opinions of brokers in various parts of the country regarding 
the favorable and unfavorable factors incident to the operation of 
a sales agency by dry bean marketing cooperatives, with a view to 
assisting the organizations concerned in determining policies with 
reference to this type of grower organization. The report will de- 
scribe the organization and operation of the joint sales agency and 
its member associations, discuss relations with the latter, and attempt 
an evaluation of services performed by it. 
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a—1-8-2—-Marketing dry peas cooperatively. To provide informa- 
tion regarding the dry pea market situation; to analyze the operation 
of cooperative organizations engaged in marketing dry peas and to 
report to the board of directors thereon. 


B-2. CURRENT EDUCATIONAL WORK 


Includes (@) participating in meetings with small groups consider- 
ing the organization or operation of cooperatives engaged in market- 
ing special crops and with workers in the various agricultural colleges 
and others concerned with such matters; and (b) making available 
information to those particularly interested, in the organization, prog- 
ress, and development of farm cooperatives handling special crops. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Assistance to cooperatives handling special crops began in the early 
1920’s and was primarily concerned with organizational problems of 
the cooperatives. A study of marketing maple products was made in 
cooperation with the University of Vermont in 1921 (Bulletin 227, 
Vermont Experiment Station). About the same time, work was also 
being devoted to cooperative packing, cooperative sales agencies, and 
cooperative pooling of tobacco. A little later a study of membership 
relations of tobacco cooperatives was made in cooperation with the 
University of Kentucky. 

Case studies have since been made of other phases of cooperative 
tobacco marketing, including one conducted in cooperation with the 
University of Wisconsin. Other studies have been made relating to 
honey, rice, and other special crops. 


D. FUNDS—-ANNUAL EXPENDITURES 


In the early 1920’s the annual expenditure of the Department, in- 
cluding work relating to the cooperative marketing of special crops, 
has ranged from $5,000 to about $18,000 until fiscal 1950, when it was 
increased to $28,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in the organization of successful cooperatives—Through 
work under this project, special crops cooperatives have been assisted 
with: (a) Developing plans of organization; (6) preparing various 
organizational papers, such as articles of incorporation, bylaws, mem- 
bership agreements, and related forms; and (c) advising with pro- 
ducer groups considering organization of a cooperative or in revamp- 
ing the organizational structure of an existing cooperative. Examples 
of cooperatives which have been assisted in this way are: Flue-cured 
Tobacco Cooperative Stabilization Corporation, Raleigh, N. C.; West- 
ern States Bean Cooperative, Denver, Colo.; Ohio Apiaries Coopera- 
tive, Delaware, Ohio; The Northern Wisconsin Tobacco Pool, Viroqua, 
Wis.; and American Rice Growers Cooperative, Lake Charles, La. 

At present, more than 250 cooperative marketing associations with 
an average annual volume of approximately $300,000,000 serve about 
40,000 producers of the so-called special crops, including tobacco, dry 
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beans, rice, and sugar products. Assistance was extended to the group 
which organized the first cooperative sugar mill in Louisiana in 1933. 
Since that time, 13 additional sugar-processing cooperatives have been 


organized in that State and two in Florida. About 20 percent of the 


United States commercial honey crop is processed and marketed by 
cooperatives. 


F. SOME ADDITIONAL WORK NEEDED 


An economic analysis of the organization and operation of the coop- 
erative handling of flue-cured tobacco.—The Flue-Cured Tobacco Co- 
operative Stabilization Corp. was organized in 1946 to handle tobacco 
under the Government loan program and thus assist in stabilizing 
the price of flue-cured tobacco. The association’s operations during 
the past four marketing seasons have been characterized by (a) low 
poeeenee handling cost; (6) satisfactory sales returns; and (c) 

avorable producer attitude. This study would analyze the various 
phases of the association’s operations, such as purchasing, sales, man- 
agement, costs, and membership relations. It will determine the 
strong and weak points that exist in the cooperative. The findings 
would be valuable to the board of directors in shaping policy. 

An economic analysis of the organization and operation of producer- 
owned and producer-controlled tobacco auction warehouses.—Coop- 
erative tobacco warehouses in cooperation with the stabilization pro- 
gram prove an effective link for producer control of the marketing of 
tobacco from the time it leaves the farm until it is purchased by the 
manufacturer. A study of the organizational structure and operating 
practices of these coperative tobacco warehouses is needed. Such a 
study would compare and analyze the practices and cost of operation of 
the various associations, and evaluate their membership contact and 
educational programs. Results of this study should enable coopera- 
tive warehouses to make needed changes in their organizational struc- 
ture and operating practices, and thereby render better service and 
effect greater savings for tobacco producers. This study should indi- 
cate how these cooperative warehouses can best coordinate their serv- 
ices with those of the Stabilization Corporation so that producers will 
get maximum benefits from both their cooperative warehouses and 
their cooperative stabilization program. Results of this study should 
also serve as a guide to other producers who plan to organize and 
operate a cooperative tobacco warehouse. 

A survey to determine the advantages and disadvantages of pro- 
ducers’ cooperative sugar mills engaging in a joint program of refinery 
operation.—The sugar associations in Louisiana have been performing 
a much-needed service for the producers. There is interest, however, 
in having these associations undertake the production of refined sugar 
and thus carry their product a step nearer the ultimate consumer. A 
study should be made of the various phases of such a joint program, 
including the type of organizational structure best suited to the under- 
taking, the most advantageous plant location, the type of facility and 
ae equipment needed for an efficient operation, possible mar- 

et outlets, and related questions. 

Analysis of the processing and marketing operations of honey co- 
operatives.—Most of the cooperatives marketing honey have been or- 
ganized in the last 10 years. Despite a reasonably satisfactory record 
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of operation, their costs have been rather high. They have thus been 
at a competitive disadvantage. A study should be made of (a) their 
processing operations, including not only the several steps in process- 
ing and the flow of the product through the plant, but also accounting 
to the producers on the processing costs; and (6) marketing activities, 
including acquisition of honey from producers, sales policies and prac- 
tices, advertising and sales promotion, and transportation. 


Topacco MARKETING Meruops 
(PMA-OES-RM : c-154—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To analyze and appraise the methods now in use in marketing 
tobacco and the adequacy and efficiency of the facilities and services 
rendered, with a view to developing improvements and reducing costs 
in pareee ee The effects of overexpansion of warehouse space and of 
speculative buying on the returns to growers, warehousemen, and deal- 
ers are being analyzed. Another phase deals with variations in prices 
between grades, to determine the effect of these on farmers’ returns and 
what might be done to eliminate the hazards of undesirable price 
fluctuations. Work on marketing cigar leaf has emphasized improv- 
ing the accuracy of data on volume and prices of tobacco, measuring 
the effects of quality on prices, and developing better methods of secur- 
ing such data. The work under this project does not cover the price 
policies of the buying companies which is covered under project 
RM: c-205. This latter project is being carried on under contract 


by Vanderbilt University, sponsored by the Bureau of Agricultural 
conomics. 


RB. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-154-1—Improving the marketing of Connecticut valley types 
of cigar binder tobacco. To provide an accurate description and 
analysis of the country buying system of marketing binder tobacco 
in the Connecticut Valley and to develop recommendations for im- 
proving it. (Being conducted in cooperation with the University of 
Connecticut. ) 

RM: c-154-2—-Auction marketing of flue-cured tobacco. To an- 
alyze and appraise the auction method of selling flue-cured tobacco 
and the adequacy and efficiency of facilities and services on auction 
markets. Particular consideration is being given to the effects of 
speculative buying, overexpansion of warehouse space, and price varia- 
tion and price differentials within and between grades of tobacco on 
the returns of farmers and warehousemen. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was begun in 1948 on the recommendation of the To- 
bacco Advisory Committee. There has been no substantial change in 
the purpose or nature of the work during the 2 years it has been under 
way. Work on the subproject in Connecticut was begun in 1949. 








1414 AGRICULTURAL RESEARCH AND RELATED SERVICES 


D. FUNDS—-ANNUAL EXPENDITURES 


The allotments for this project have all been from Research and 
Marketing Act funds. Expenditures have been as follows: 1948, 
$4,200 ; 1949, $19,700; 1950, $18,300. Of these, the University of Con- 
necticut received $3,500 in 1949 and an additional $7,000 in 1950 
through OES. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The studies have called attention to the continuing overexpansion of 
warehouse facilities and the advantages that would accrue from a 
reduction in the number of warehouses. It has been found that the 
fees charged producers for selling their tobacco could be reduced from 
21% percent to 2 percent if warehouses each handled a minimum of 
4,000,000 pounds of tobacco. This would mean larger total net returns 
to farmers, an increase of some $2,500,000 on a half-billion-dollar 
crop; and a larger net return also to warehouse operators, an increase 
estimated at a quarter to half a million dollars. 

The warehouseman’s returns are based largely on a percentage of 
sales value. The number of hours per day during which sales are 
made, which affects the volume, is fixed by the local tobacco board of 
trade on the basis of floor space of the warehouse. To expand their 
volume and returns, therefore, warehousemen often enlarge their floor 
space, and thus contribute to the overexpansion of facilities. It was 
found that, if present practices continue, this overexpansion will tend 
to continue until facilities will be far beyond the need for efficient 
marketing. 

The amount received by warehousemen and speculative dealers 
varied from $1.38 per hundred pounds of flue-cured tobacco sold by 
the growers on one market to $2.39 on another.—The difference of $1 
was found to be mainly the result of speculative profits and of careless 
handling of tobacco that resulted in a large volume of “pick-ups” or 
leaves of tobacco that fall off the containers and are picked up from 
the floor after the sale. 

The attention of warehousemen has been called to the desirability 
of improving the handling of the tobacco on the warehouse floor in 
order to reduce the loss from “pick-ups.” Action has been taken by 
the warehousemen which should result in marked improvement in this 
respect. 

In cooperation with BAEK, a study of the accuracy of the prices 
reported by the market news service was made. It was found that 
the prices reported were within a reasonably satisfactory range. Some 
improvement could be made in accuracy by a slight shift in the sample 
markets; but funds are too limited to secure a sample large enough to 
bring the accuracy of the reported average to within the range of $1 
per hundred pounds for most grades. 

The Connecticut project has demonstrated that accurate market 
information on the sales of binder tobacco in the Connecticut Valley 
can be secured from reports by growers. 
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F. SOME ADDITIONAL WORK NEEDED 


Improvements in the auction selling of tobacco to eliminate the wide 
within-grade fluctuations —The variation in the market price for two 
piles of tobacco of identical quality was found often to be greater than 
all the charges for marketing the tobacco. If conditions responsible 
for these wide variations could be corrected, it would mean more to 
individual farmers than lowering of the warehouse charges. It would 
substantially lessen the amount of tobacco that would have to be taken 
under the Government-loan program, and would greatly lessen specu- 
lative activity. 

A comparison of market information from dealers and growers.— 
Comparisons are needed between market information for cigar leaf 
tobacco obtained from buyers and information from farmers, with 
respect to accuracy, timeliness, and coverage. 


SraNDARDIZATION INVESTIGATIONS IN THE Properties oF ToBAcco 
(PMA-—RM : c-159—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop improved standards for tobacco which will facilitate its 
marketing, result in a better financial return to growers, and directly 
benefit dealers, manufacturers, and others financially interested by 
providing more accurate standards of evaluating tobacco. Improved 
standards will also offer a better basis for the evaluation of tobacco 
under the price-support programs of the Department. Standards 
based upon more definite specifications can be more consistently ap- 
plied to represent characteristic differences which are recognized com- 
mercially. Current tobacco standards are based on physical quality 
factors which are minutely described but have never been reduced to 
physical and chemical measurements. To establish a more definite 
and adequate basis for grade specifications, the current work is con- 
cerned with the development of methods for defining the various 
elements of quality of tobacco in terms of measurable physical and 
chemical constituents or characteristics which control the commercial 
value and usefulness of different tobaccos. The work will eventually 
include all types of American tobacco on which standards have been 
or are to be established, but up to this time methods for measuring the 
properties of cigarettes and cigar types have received major emphasis. 


B. CURRENTLY ACTIVE LINE PROJECTS 


Although the investigations being conducted cover a number of 
physical properties and involve many chemical determinations, the 
immediate objective of the project is to correlate closely the physical 
and chemical findings and to relate them to the present standards. 
For this reason, it has not up to this time seemed desirable to sub- 
divide this work into line projects. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


No agricultural product has a greater range in quality than tobacco. 
Quality, as commercially recognized in tobacco, has a very large num- 
ber of factors or elements. The Department recognizes at present 27 
different elements of quality, such as cleanness, soundness, smoothness, 
texture, elasticity, maturity, solidity, and tensile strength. Each of 
these elements is divided into from 3 to 12 degrees of quality. The 
large number of elements of quality in tobacco and the number of 
degrees for each element necessitate the establishment of a large num- 
ber of types and grades in order to classify the product adequately. 
The small differences in the various elements of quality are very diff 
cult to judge consistently, and it is for this reason that the Department 
is trying to develop means by which differences can be measured phys- 
ically or determined by chemical analyses. Standards established 
upon a more definite and measurable basis will be of materially more 
service to tobacco growers and members of the trade. 

Prior to the inauguration of this project, the Department undertook 
a systematic classification of the various characteristics of tobacco by 
establishing the elements of quality which are of commercial impor- 
tance and , & setting up uniform terms for expressing the various 
degrees of each element. The names adopted for the different elements 
of quality as well as the terms used to express the degrees of each ele- 
ment are purely descriptive. These, however, form the basis for the 
present specifications of grades as established by the Department. 
With a view to forming a more definite and scientific basis for estab- 
lishing and applying standards, this project was set up in 1947. Dur- 
ing the first year, when laboratory facilities were being established, a 
survey was made of world literature in order to bring together all 
chemical data which could be found on tobacco, and these data were 
classified for reference purposes. Following this, a study of the vari- 
ous methods for making chemical determinations was conducted and 
the methods found most suitable were adopted and, where necessary, 
modified to suit the purposes of the project. Since laboratory facilities 
have been available major emphasis has been placed upon building up 
more complete data on the physical characteristics and chemical com- 
position of American types and grades. As more accurate and scien- 
tific physical and chemical data are obtained they are carefully corre- 
lated with Federal grades and other tobacco standards. Improved 
standards established as a result of this investigation will result in a 
better financial return to the growers and will assist the manufacturers 
and exporters in more effectively evaluating the commercial usefulness 
of any lot of tobacco. 


D. FUNDS—-ANNUAL EXPENDITURES 


This work has been financed entirely out of RMA funds. The 
annual expenditures have been as follows: 1948 fiscal year, $6,700; 
1949, $22,000 ; and 1950, $23,100. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination of relationship between the length-width ratio of 
cigar-leaf tobacco and the yield of binders and wrappers obtained 
from them.—The yield of cigar binders or wrappers per leaf is an 
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important factor in determining the value and commercial usefulness 
of certain cigar tobaccos. The ratio of length to width of a leaf 
is a useful factor which has not been previously considered. Results 
of a study of leaf lengths, widths, and their ratios have already 
found practical application in the revision of the standard grades 
for Mabenn seed tobacco produced in Wisconsin, Pennsylvania, and 
New York, and in preparing original standard grades for Habana 
seed and broadleaf tobacco produced in Massachusetts and Con- 
necticut. 

Determination of relationship between chemical composition and 
elements of quality in American tobacco types.—No attempt had here- 
tofore been made to correlate chemical composition with the various 
United States tobacco grades. The results obtained form the basis 
for correlating the chemical components of tobacco with the various 
elements and degrees of quality upon which the present standards 
are based. After the relationships between the chemical composition 
of tobacco and the various elements and degrees of quality have been 
fully established, it can be determined just what weights should be 
given to the various quality factors in revising or modifying the 
standards. When this information is incorporated into future stand- 
ards it will greatly add to their value and usefulness and directly 
benefit growers and others financially interested in tobacco. 


F. SOME ADDITIONAL WORK NEEDED 


The following suggested lines of investigation are considered of 
primary importance and should, therefore, be given preferential con- 
sideration. Physical and chemical data obtained in connection with 
this project will make it possible to determine tobacco quality accu- 


rately, will enable eo to get maximum returns for their crops, 


and will aid manufacturers in selecting tobacco of definite quality 
for the production of different manufactured tobacco products. 

Development of methods for determination of “body” and density 
of tobacco——The term “body” as used in the specifications of the 
present standards designates a very important property of tobacco. 
It is determined at present entirely by feel and visual inspection, but 
it has already been found to have a definite relationship to certain 
physical measurements and chemical composition. There is a great 
need for developing a more precise method of determining body by 
physical measurements and for correlating it with density or specific 
gravity of the tobacco. 

Studies on the burning qualities of tobacco.—The burning character- 
istics and fire-holding capacity of the different types and grades of 
tobacco intended for consumption by smoking in the form of cigars, 
cigarettes, or pipe tobacco is a very important property. Further 
work is needed on the determination of the factors involved in estab- 
lishing standards for these burning and fire-holding properties, in 
order that the standards and grades shall reflect the Sela of any lot 
of leaf tobacco for smoking purposes. 

Studies in aroma and taste-—Aroma and taste are important factors 
in determining value and usefulness of a given tobacco. Work is 
needed on the chemical composition of the resins, essential oils, and 
related chemical constituents of tobacco and the correlation of these 
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with the elements and ——— of quality of each type and grade of 


tobacco, so that the standards will more truly reflect the value and . 


usefulness of the product. 

Studies on the moistwre content of tobacco.—Research is needed on 
the effect of moisture on the different types and grades of tobacco 
and the determination of the relationship between the water-absorb- 
ing properties and the keeping qualities of different types and grades 
of tobacco. 

Development of methods for measuring color in tobacco.—Color is 
an important property of most types of tobacco. There is a need for 
the development of suitable methods for physical measurement of 
various tobacco colors which would be reproducible under varying 
conditions and by different operators. A standard method for the 
determination of the various intensities and color qualities should be 
established for the several types and grades of tobacco and a practical] 
method should be developed which would enable inspectors to classify 
tobacco more consistently as to color. 


Tosacco Acts 
(PMA-—Federal and Federal-State) 


The Congress has provided assistance to tobacco growers and the 
tobacco industry by the enactment of the following legislation: To- 
bacco Stocks and Standards Act, January 1929; Tobacco Inspection 
fot August 1935; and Tobacco Seed and Plant Exportation Act, 

fay 1940. 

The services under these acts have been coordinated under four 
broad lines of activity: (1) Inspection and certification, (2) technical 
assistance to productes (3) market news, and (4) stocks and other 
statistics, grades and standards, and export permits. 

Each of these fields is dealt with individually in the following state- 
ment. However, since funds are available on a total basis and are so 
accounted for in the official accounting records, the following fund 
statement covers the total for these four activities: 


FUNDS—-ANNUAL EXPENDITURES 


Funds in the amount of $50,000 were first made available for this 
activity in 1929. Of this amount $20,000 was under the appropriation 
“Market inspection of farm products” for inspection service. The 
total amount was increased to $95,000 in 1931. In 1932 the market 
news work was inaugurated under the appropriation “Market news 
service,” bringing the total available, including the amount for in- 
spection work, to $125,000. Economy reductions were made during 
the early 1930’s. The appropriation for 1936 was $84,000. With the 
passage of the Tobacco Inspection Act, which provided basic legisla- 
tive authority for this work, funds were increased to $267,000 in 1937. 
Since 1937 there has been a steady increase in activities until now all 
tobacco auction markets are covered. This, along with increased 
salary and other costs, has resulted in increased appropriations every 
year since then except 1941. The amount made available for 1950 
was $1,712,800. 
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Inspection and Certification 
A. PURPOSE AND NATURE OF CURRENT WORK 


The services provided under inspection and certification are intended 
to give to tobacco producers, buyers, and others an accurate measure- 
ment of the te uality of each lot of tobacco offered for sale on the auction 
markets. e Federal grading service is available on all auction 
markets and on all tobacco place 4 under loan by the Commodity Credit 
Corporation. The information on grades is a ape ane to market 

P 


information and also serves as a basis for the application of price 
support loans. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Inspection on auction markets. The inspection service is provided 
on all established auction markets. During the 1949-50 marketing 
season there were inspected and graded in excess of 1,956,000,000 
pounds—the total sold on the auction markets. 

Inspection for cooperative marketing associations.—In addition to 
inspection service on auction markets, this service is provided for 
cooperative associations receiving tobacco under the Commodity Credit 
loan program. 

During the 1950 fiscal year approximately 168,000,000 pounds of 
tobacco was inspected and graded at the time it was conditioned for 
storage for associations operating in the flue-cured, burley, fire-cured, 
and dark air-cured districts. In addition, 4,338,000 pounds of cigar- 
leaf tobacco in Connecticut, Massachusetts, and Wisconsin, and 12,- 
252,000 pounds of Puerto Rican cigar leaf was inspected. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Tobacco Inspection Act was passed in 1935 and the work under 
the act has been carried out continuously since that date. 


D. FUNDS-—-ANNUAL EXPENDITURES 


(See section on funds at beginning of this over-all statement. ) 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


There has been widespread acceptance of the inspection service by 
farmers, warehousemen, dealers, and manufacturers. Farmers have 


voted by very large majorities to have the markets designated for this 
service. 


The following table indicates the growth of this service since its 
Inception : 
Markets and volume w* tobacco een 
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F. SOME ADDITIONAL WORK NEEDED 


There is special need now for expanding the inspection service to 
cover the marketing of cigar-leaf tobacco. This work must be de- 
veloped to meet the peculiar marketing system and the special condi- 
tions in cigar-leaf areas. 


Technical Assistance to Producers 
A, PURPOSE AND NATURE OF CURRENT WORK 


These services are intended to help growers to prepare their tobacco 
for market in such a manner that it will command the best price for 
the quality of tobacco. The growers are instructed in the standards 
for the Federal grades to enable them to interpret the grades in pre- 
paring their tobacco for market, and to interpret the prices for the 
different grades as reported by the market news service. Meetings for 
these purposes are usually scheduled by the Extension Service or the 
Smith-Hughes agricultural teachers. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Farm demonstrations.—These are held at farms in the tobacco- 
producing districts. The purpose is to instruct growers in the proper 
preparation of their tobacco for market and to acquaint them with 
the standards of the Federal grades. 

Farmers’ meetings.—These are usually held at night at high schools 
and other rural meeting places. They are for the purpose of explain- 
ing to farmers the Federal grades for tobacco eat how these grades, 
together with the tobacco price reports and support prices, can be 
used to the advantage of the farmer in the marketing of his tobacco. 

School demonstrations.—These demonstrations are carried out in 
cooperation with instructors of vocational agriculture in rural high 
schools. Classes are composed of vocational agricultural students 
and veterans taking special training in agriculture. The instruction 
is similar to that given to the growers at the farmers’ meetings. In 
addition to these meetings, short courses are held at State colleges and 
universities for students in agriculture. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was authorized by the Tobacco Inspection Act and has 
been carried on since 1936. The work has increased rapidly, and the 
demand for these services is greater than can be provided with the 
personnel available. 
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D. FUNDS—ANNUAL EXPENDITURES 
(See section on funds at beginning of this over-all statement.) 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


‘The following record of attendance at the different types of meet- 
ings held during 1949-50 shows the interest that this work holds for 
the producers and, correspondingly, indicates something of its value 
to them: 


Type of meeting Number Attendance 
| 


Farm demonstrations ; ge tee i ee eee 1, 354 20, 989 
Farmers’ meetings. --_- pcoplati mca alale: & skands ceenaaien gaa eae teehee ’ 27, 964 
School demonstrations__- Sa ; 12, 731 


Total i Sicvicieecastbed ka wine alll aol oan aces wae iene wees ee EL 61, 684 





F. SOME ADDITIONAL WORK NEEDED 


There is need for the extension of this work to the cigar-leaf-pro- 
ducing areas. The work is very popular in the States where the 
tobacco is sold through the auction markets. If additional funds 
were available, the work could and perhaps should be expanded in 
those areas. 


Market News 
A. PURPOSE AND NATURE OF CURRENT WORK 


The market news service is a companion activity to the inspection 
and certification work. It furnishes to the growers and the trade cur- 
rent information on market prices and volume’of sales. It provides 
a guide to the farmer and the buyer in their decisions in selling or 
buying. This information is designed to place farmers, most of whom 
are small, in a more advantageous bargaining position. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Market news on auction markets.—This service is now provided 
for all types and all markets where the auction system of marketing 
is used. About 80 percent of the reports are distributed to the auction 
warehouses to acquaint the farmer with the current market price 
when he sells his tobacco. The grower, knowing the quality of his 
tobacco and the current market value, is in a position to compare 
the offers he receives with the market prices and to determine whether 
to accept or reject the bids. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The market news for tobacco was first authorized in the Appro- 
priation Act for the fiscal year 1932. The service was started on sev- 
eral markets in the flue-cured area. The major stimulus to this work 
came with passage of the Tobacco Inspection Act in 1935 which pro- 
vided for market news service on any market where the growers 
voted to have the inspection service. 
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D. FUNDS—-ANNUAL EXPENDITURES 


The appropriation for market news in fiscal 1950 was $145,637. 
(See section on funds at beginning of this over-all statement.) 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The market news service has grown with the inspection service, 
covering 20 markets in 1936-37 to 169 markets for the crop year 
1949-50. During the past year, 1,387 separate reports were issued, 
of which over a million copies were distributed. Cooperative agree- 
ments for the operation of this service are in effect with Kentucky, 
Maryland, North Carolina, Tennessee, Virginia, and West Virginia. 


F. SOME ADDITIONAL WORK NEEDED 


The market news service needs to be expanded to the cigar-leaf 
districts. The farmers in those areas have little or no market infor- 
mation available. As with the inspection service, the market news 
service will have to be adapted to the marketing system and the special 
conditions existing in those areas. 


Stocks and Other Statistics, Grade Standards, and Export Permits 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to make available to farmers and the 
tobacco industry generally information on the supplies of tobacco on 
hand at certain times during the year. This information is needed 
by farmers and members of the trade to determine intelligently their 
tobacco production and purchase programs. The volume of stocks 
carried by the trade is two to three times the volume of annual pro- 
duction; therefore, changes in these stocks exercise a very important 
influence on the market for tobacco. The grade standards work is to 
provide measures of quality and standards for the inspection and certi- 
fication services and for the guidance of the industry. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


Stocks and other statistics—Reports of stocks of leaf tobacco owned 
by dealers and manufacturers are collected, summarized, and pub- 
lished quarterly. About 1,200 tobacco dealers and manufacturers in 
the United States and Puerto Rico file reports quarterly. A report 
on tobacco statistics is issued at the end of each year. This publication 
is a compilation of the most frequently used statistics relating to 
tobacco. 

Grade standards.—Grades and standards for the several types of to- 
bacco have been established. ‘These are constantly under review in 
the light of new technical knowledge and changing production and 
inarket conditions. Changes are made to meet these developments. 

Export permits—The Tobacco Seed and Plant Exportation Act 
prohibits the exportation of tobacco seed and plants, except for experi- 
mental purposes. A written permit must be granted for the exporta- 
tion of any seed or plants for this latter purpose. These permits are 
granted only upon application and after satisfactory proof that such 
seed and plants are to be used for experimental purposes. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The collection of statistics on tobacco stocks and the reporting of 
such information have been carried on since the passage of the act in 
1929. Likewise the development of standards for tobacco grades 
has been carried on since that date. The statistical compilations have 
been expanded to better serve the tobacco growers and the trade. Offi- 
cial grades and standards have been developed for all the major types 
of tobacco, and tentative standards have been issued for a number of 
other types. Tentative standards are “tried out,” revised, and issued 
in the form of official standards. The Tobacco Seed and Plant Expor- 
tation Act has been in effect since May 1940. 


D. FUNDS—-ANNUAL EXPENDITURES 


(See section on funds at beginning of this over-all statement. ) 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Some 4,400 copies of the quarterly stocks reports were distributed 
during 1949-50, and 5,000 copies of the Annual Report of Tobacco 
Statistics. The compilations of figures contained in these reports are 
widely recognized and form the basis for evaluating and programing 
tobacco work and for attacking tobacco problems generally. Stand- 
ards are available for all types of tobacco. These standards are used 
by the inspection service and are essential as the basis for reporting 
prices by the market news service. They form the basis for evaluat- 
ing tobacco for loan purposes under the Commodity Credit price- 
support program. 


F. SOME ADDITIONAL WORK NEEDED 


The collection of statistics on supplies of leaf tobacco and other data 
and the issuance of export permits are both routine and do not need 
to be expanded. The grade standards work, however, should be ex- 
panded for the cigar-leaf types of tobacco. This is needed to provide 
official standards in lieu of the present tentative standards for those 
tobaccos. This would provide a better basis for the expansion of the 
inspection and market news services to those types and also for the loan 
program if it should expand in those types. 


CROSS REFERENCES 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BAE—a-2-16 and RM: c—205, Chapter 26, marketing practices. 

BAE—A-2-16.1 to 24.1, Chapter 26, research and analysis for serving current 
requests. 

BAE—B-1-1, Chapter 32, for reports on crop and livestock estimates. 

LAE—RM: c—29, Chapter 32, flaxseed stocks. 

I;:AE—RM : c-55, Chapter 33, market news. 

BAE—RM: ¢c-458, Chapter 32, sumlies as affeeted by yields. 

OFAR—Chapter 23 (especially RM: c-2 and RM: c-544), foreign activities. 

P\MA—Administration of United States Warehouse Act, Chapter 35. 

PMA, FCA—RM: c-75, Chapter 36, market facilities, organization, and equip- 
ment. 

PMA, BAE—RM: c-133, Chapter 34, grades and standards for tobacco. 

PMA—RM: c-430, c-431, c-432, Chapter 36, marketing service programs, 











ci 


su 
cr 
ta 
of 
tk 
el 
m 








SPECIALTY AND MISCELLANEOUS CROPS 
Chapter 18—Part II 


ForREWORD 


This chapter relates activities of the USDA concerning the pro- 
duction and utilization of various specialty and miscellaneous crops, 
such as rubber, ornamental plants, mushrooms, hops, tannin, drug 
crops, and so forth. Although some of them are of strategic impor- 
tance to this country, they are not major crops from the standpoint 
of domestic production. They are grouped together here because 
they obviously do not warrant separate commodity chapters. At the 
end of the chapter are cross references to pertinent project state- 
ments in other anhies of part II of the over-all report. 


1425 








CONTENTS 


Rubber production and processing: 
BPISAE—a-—5-—1—Rubber production, breeding, and disease investi- 
WORN oo es oie hss hes oie pe paid me aha Geta aoe 
BPISAE—g-1—Research on domestic rubber crop production, and 
BAIC—g-2— Natural rubber extraction and processing investigations - 
BPISAE—RI-13—0—Plantation rubber production in the Western 
Hemisphetess oi. 42 0s> soi bi seue sudo ce da apa ts bs: 
Ornamental plant investigations: 
BPISAR—b-6-1_ Breeding, diseases, and improvement of orna- 
CET UE cn cu en Soneune yan Seen Sea eaiere toe anos 
BEPQ—I-—d—14—Investigations of pests of greenhouse and orna- 
mental plantas i 2305 - gan spous, Gis- Sand d_-siaieutbode lies: 
BPISAE—b-6-2—Windbreak, bulb, and floricultural plants for the 
Great Plains and intermountain sa i ce 
BPISAE—b—6—3— Azalea flower spot disease inv estigations 
Mushrooms: 
BPISAE—b-—4—-15— Mushroom production investigations - 
BEPQ—I-d—15— Mushroom insect investigations _- 
Miscellaneous specialty crops: 
BPISAE—b-9-1—Drug, oil, insecticide, raticide, tannin, flavoring, 
and special product plant investigations--~~__-.-..--.-----.---- 
BAIC—g-—6—Surveillance research on the storage of strategic oils_- 
BPISAE—b-—10—-1—Hop production and disease investigations_-_____ 
BPISAE—b-11-3—Introduction and evaluation of specialty crops__ 
BAE—A-1-—20—Problems of organization and operation of farms 
DTOGUCINe BINS Y GING. a ok oe eka so ae 
PMA, OES—RM:c-465—Standardization research on specialty 


BPISAE—¢- 4-1—Dev elopment and introduction of domestic tannin 
crops--_- 2 

BAIC, BPISAE—RM: a-129—Basic properties and functions of tan- 

nins and development of new tanning materials_---- 
OES—b-1-8— Drug crop investigations (Puerto Rico) __________- 

OES—b-1-13-—Cooperation with the Government of Puerto Rico 

and other agencies________- se Doki Sard ulggabenid tae e aaa ee eee 

Cross references- ------_-_- 


1426 


Page 
1427 
1429 
1433 





t1 
BH 
I 


~~ Oo 


—--_ 


—_—. 





SPECIALTY AND MISCELLANEOUS CROPS 
Russer Propuction, Breepinc, AND DisrAse INVESTIGATIONS 
(BPISAE—a-5-1—Federal—Regular Funds) 

A. PURPOSE AND NATURE OF CURRENT WORK 


(1) To make preliminary tests on native and introduced rubber- 
bearing plants to determine their potential value for rubber produc- 
tion in the United States, and make recommendations concerning those 
that should be given large-scale tests; and (2) under disease-free con- 
ditions in Florida breed high-yielding, disease-resistant Hevea rubber 
trees for growth in tropical America. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—5-1-1—Development of Hevea clones (asexual lines) for semi- 
tropical areas of Latin America. To breed, select, and propagate 
Hevea lines and to distribute them to production areas in the Western 
Hemisphere. 

a—5—-1-2—Establishment of reference collections of Hevea species, 
clones and interim propagation and redistribution of planting mate- 
rial. To assemble and maintain a reference collection of outstanding 
clones of Hevea for local study and to supply material for the Hevea 
breeding program in Latin America. 

a—5—1-3—Selection and improvement of strains of goldenrod. To 
develop improved strains of goldenrod for rubber production possi- 
bilities. 

a—5—1-5—Investigations of miscellaneous rubber-bearing plants. 
To conduct cultural, breeding, and disease investigations on rubber- 
bearing plants, and to determine the range of climatic adaptability 
within the United States. 

a—5—1-6—Laboratory testing of rubber-bearing plants. To analyze 
and evaluate plants as domestic sources of rubber. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on rubber plants was started, in a small way, in the Depart- 
ment in 1899 and was continued at that level until 1923. By that 
time, the increasing dependence of the United States on the Far East 
for rubber had become a major concern, and special efforts were begun 
to investigate domestic and nearby sources. The importance of nat- 
ural rubber is so great in both peace and war that efforts to hedge 
against the closing of normal trade channels led to greater emphasis 
on supplementary sources of rubber. As World War II became im- 
minent, information resulting from this research formed the basis: 
(1) For initiating a program for plantation rubber development in 
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the Western Hemisphere, now — supported with funds transferred 
from the Department of State, an (2) for the preliminary planning 
leading to the large-scale emergency rubber project. 


D. FUNDS—ANNUAL EXPENDITURES 


During the period of 1899 until 1923, the average annual allotment 
for rubber work was estimated as $2,000. In 1923, an appropriation 
of $500,000 was made to the Department of Commerce to investigate 
sources of rubber, $100,000 of which was transferred to the Depart- 
ment for the investigation of rubber production. Funds expended 
for the rubber work fluctuated widely from year to year, but for the 
period from 1924 to 1950 averaged about $44,000 a year. In 1950, the 
allotment for this project was $39,300, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Protection of American investors.—In the early part of the present 
century, detailed investigation of the Castilla rubber boom in southern 
Mexico was largely responsible for ending a large-scale speculative 
development and saved American investors many millions of dollars. 
In the 1930's, attempts to initiate speculative enterprises in poinsettia, 
Osage-orange, etc., were discouraged because of information obtained 
in this project and furnished to prospective investors. 

Basis for development of rubber plantation production in tropical 
America established —A study of the South American leaf blight in 
Trinidad and Surinam in 1923 and surveys of possible areas for rub- 
ber planting in Central America were followed by small-scale plant- 
ings in Haiti, Panama, and the Canal Zone and tapping tests of ma- 
ture rubber trees in Haiti. Due to restricted funds, work in Latin 
America was discontinued in 1931, but in 1937 a cooperative project 
was initiated in Costa Rica and Panama for selecting and breeding 
strains of Hevea resistant to South America leaf blight. This work, 
together with the earlier studies, led directly to the initiation of the 
present plantation rubber development program now being financed 
by funds transferred from the Department of State. 

Rubber plants assembled from all over the world and studied —This 
is one of the largest and most diverse collections of rubber plants in 
the world and has proved to be a valuable source of information on 
domestic production of rubber and the quality of rubber from various 
sources. 

The analysis of thousands of plant samples as the basis for evaluat- 
ing potential sources of rubber in the Western Hemisphere.—More 
than 200 rubber plants have been tested in field plantings. This work 
made it possible to eliminate from consideration during World War II 
many plants that would otherwise have been brought forward as 
emergency sources of rubber. Information obtained in these small- 
scale tests formed the ground work for the efforts of the Government 
to produce natural rubber during the war. 


F. SOME ADDITIONAL WORK NEEDED 


Tests of dandelions from the Mediterranean region.—Kok-saghyz, 
a northern dandelion, has been found by the Russians to be a good 
source of rubber. In World War II, it was tested extensively in the 
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United States. The quality of the rubber was excellent but the yields 
were poor and the costs high. A second rubber-bearing dandelion, 
krim-saghyz, from Crimea has been given preliminary tests and in 
the Southern States may outyield kok-saghyz. ‘There are other close 
relatives in the Mediterranean area that may be used in hybridization 
studies to increase yields and decrease the time from planting to 
harvest. At the present time, this line of research is the most promis- 
ing for developing emergency sources of rubber that will give high- 
quality rubber the first season. 

Investigation of the Russian rubber-bearing salsify, tau-saghyz— 
Another plant that has received much attention in Russia is tau- 
saghyz, closely related to salsify. Tau-saghyz gives a high percentage 
of first quality rubber but requires several years in the field. There 
are several close relatives that may be utilized in breeding to develop 
new strains that will produce quickly. This plant has certain unique 
characteristics which may be utilized ‘in rubber production. Chief of 
these is the fact that when the root is injured the latex coagulates 
on the outside. At the same time, there is a regeneration of rubber in 
the latex system similar to that which occurs when a rubber tree is 
tapped. When the roots are injured, there is therefore an accumula- 
tion of rubber both on the inside and outside of the root, and the 
rubber content of the harvested root may be as high as 40 percent. 

Breeding to develop improved Hevea rubber trees.— The only sound 
basis for commercial rubber development in Latin America is the 
Hevea rubber tree. The availability of a wide variety of genetic ma- 
terial completely within the United States, and completely under its 
control, offers the opportunity for basic studies in the genetics of 
rubber plants and the development of hybrids for more extensive 
testing in the rubber production areas of South and Central America. 


Researcu oN Domestic Ruppner Cror Propucrion 


(BPISAE—g-—1—Federal-State—Strategic and Critical Agricultural Materials 
Funds) 


NATURAL RvupBer EXTRACTION AND PROCESSING INVESTIGATIONS 
(BAIC—g-2—Federal—Strategic and Critical Agricultural Materials Funds) 
A. PURPOSE AND NATURE OF CURRENT WORE 


To: (1) Provide genetic, agronomic, and technologic experience for 
the production of natural rubber in the United States in the event 
imports of plantation rubber are cut off during an emergency, and 
(2) explore the practicability of growing guayule as a domestic crop. 
The work is conducted cooperatively by the Bureau of Plant Indus- 
try, Soils, and Agricultural Engineering and the Bureau of Agricul- 
tural and Industrial Chemistry, each operating in its usual field of 
research. Guayule has been given major emphasis because this plant 
appears to be the best prospect from the standpoint of high yields 
and ready adaptability to mechanized production. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


g-1-—1-1—-Cultural practices for domestic rubber crops. To deter- 
mine the most practicable methods of planting, cultivating, fertilizing, 
and harvesting. 

g-1-1-2—Improvement of rubber-bearing plants by breeding. To 
develop varieties of rubber plants having higher rubber percentages, 
better growth rates and habit, improved adaptability to dryland cul- 
ture, and resistance to disease. The Texas and Oregon Experiment 
Stations and Stanford University are cooperating in certain phases 
of these studies. 

g—1-1-3—Diseases of domestic rubber crops. To determine the 
diseases affecting production and to work out control methods in 
collaboration with agronomists and plant breeders. 

g-1-14—F actors affecting rubber accumulation and retention in 
plants. To determine the effects of light, moisture, nutrition, and 
temperature on the growth of plants and their ability to produce 
rubber. This line project has been greatly curtailed. 

g—-1-1-5—Control of rubber formation in plants. To study in more 
detail the factors affecting rubber formation in the plant and the 
mechanism of rubber production. This work has been carried on in 
cooperation with the California Institute of Technology and is now 
greatly curtailed. 

g-2-1-1—Conditioning and pretreatment of guayule shrub in prepa- 
ration for rubber extraction. To evaluate seeicel and biological 
factors following shrub harvest which affect the yield, quality, and 
extractability of rubber, and to develop new or improved procedures 
for shrub storage, conditioning, deresination, or related pretreat- 
ments. 

g—2-1-2—-Extraction and recovery of guayule rubber in solid form. 
To develop continuous and more efficient types of processing equip- 
ment and procedures to replace the traditional but inefficient pebble 
milling process for the purpose of lowering extraction costs, increasing 
yields, and improving rubber quality. 

g-2-14—Quality evaluation and investigation of use applications 
for guayule rubber. To improve compound formulation for vuleaniz- 
ing and to develop new or improved physical testing methods specifi- 
cally applicable to guayule rubber for the guidance of rubber extrac- 
tion process development, and to indicate suitability of various grades 
of guayule rubber for essential use applications. 

g—2-1-5—Development of new or improved analytical methods. To 
improve existing methods of analysis and to develop new methods as 
required in connection with process development and quality evalua- 
tion of the rubber obtained. 

g-2-1-6—Characterization of resins and related components of 
guayule. To determine the nature of the resins and other nonrubber 
components of guayule shrub and derived crude rubbers which influ- 
ence rubber quality, with a view to eliminating or minimizing the 
effects of harmful constituents. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Although guayule rubber has been produced commercially by the 
Intercontinental Rubber Co. since about 1905, principally in Mexico 
from wild shrub, breeding research was almost entirely neglected and 
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the extraction process has remained basically unchanged. Production 
from presently available varieties of shrub on cultivated land in the 
United States has not been considered to be economical at price levels 
below 30 cents a pound for plantation rubber; also, the crude rubber 
obtained has been limited in usefulness because of impaired quality 
due to a high resin content and degradation resulting from faulty 
processing, as well as to instability in storage. The Government 
purchased the American holdings of the Intercontinental Rubber Co. 
during World War II and authorized the emergency rubber project 
in 1942 to produce guayule rubber for emergency use. This program 
was administered by the Forest Service. It was discontinued in 1946. 
Provision for the current program was made under the Strategic and 
Critical Materials Stock Piling Act (Public Law 50, 79th Cong.). 
A United States natural rubber research station was established at 
Salinas, Calif., and active work was begun August 1, 1947, by the 
cooperating bureaus. The project is of a strictly research nature to 
provide a sound basis for future production on either an emergency or 
commercial basis. 


D. FUNDS-—-ANNUAL EXPENDITURES 


For the fiscal years 1948 and 1949, $170,000 per year was the amount 
allotted from the appropriation for the BPISAE phases of the work. 
For the same years, BAIC received annual allotments of $179,000. 
For the fiscal year 1950, BPISAE was allotted $100,000 and BAIC was 
allotted $109,000. The total allotments to the project for 1948 and 
1949 were $349,000, and $209,000 for 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstration of means of reducing costs of nursery stock.—The 
cost of producing transplanting stock was a major cost item during 
World War II, as the techniques developed for smaller-scale com- 
mercial operations by the Intercontinental Rubber Co. had to be used. 
On the basis of indications from the wartime program that a cheaper 
method could be used, further work demonstrated that nursery stock 
could be produced by generally applicable field techniques for about 
one-tenth the former costs. 

Development of higher-yielding, faster-growing varieties—A new 
guayule selection has been made, giving a strain that yields 25 percent 
more rubber than previously used varieties. Multiplication of seed 
of this variety has been started. From crosses made with almost tree- 
like wild relatives, the postwar program has shown that guayule hy- 
brids yielding wp to 50 percent more rubber can be isolated. 

Improvements in factory operation.—Some definite improvements 
in continuous milling operations have been made, such as improved 
flotation and cork waterlogging equipment. 

Milling of freshly harvested guayule shrub.—It has been shown that 
conventional éconditioning” of guayule, consisting of field exposure 
after harvest and prolonged warehouse storage prior to milling, re- 
duces yields and is harmful to rubber quality. Such conditioning can 
be eliminated by improved crushing and hammermilling steps which 
enable recovery of solid rubber from freshly harvested shrub. Advan- 
tages of the new process include lowered harvesting costs, reduction of 
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storage requirements, easier shrub preparation, and improvements in 
quality and yield of rubber. 

Improvement in quality of rubber by deresination—Resinous gua- 
yule rubber saree contains 20 to 25 percent resin. Acetone ex- 
traction of the shrub or of the crude resinous rubber yields a product 
containing only 1 to 2 percent resin. Physical tests performed by 
personnel working on the project and by a major rubber manufacturer 
have indicated the deresinated rubber to be the best guayule ever ob- 
tained, and that it approaches Hevea (plantation) rubber in quality. 


F. SOME ADDITIONAL WORK NEEDED 


Plant breeding—The rapid progress that has been made in plant 
improvement encourages the prospect that much better varieties can 
be developed by continuing maximum emphasis on this type of work. 
Guayule has an unusually wide range of peculiarities at variations 
in its genetic make-up and in its reproduction mechanism that makes 
it an especially promising subject for improvement. 

Production localities.—The investigation of the areas best suited to 
economic culture should be continued, both as a means of providing 
a better emergency source of natural rubber and as a new crop for areas 
approaching the marginal for some of the crops now grown, because of 
frequent and prolonged periods of drought. Guayule is highly resist- 
ant to such conditions, and its possibilities in southwest Texas should 
be further investigated. The Texas Agricultural Experiment Station 
is actively cooperating in this work. 

Farmer production.—Research in these new areas should provide 
information on seed production, including the possibility of replenish- 
ing the seed stockpile, as well as farmer know-how. The best way to 
obtain this is to grow the crop on a small scale under actual farm 
conditions. 

Plant diseases.—Studies of diseases and their control should be 
made to keep losses from this source at a minimum. 

Development of a deresination process.—Increased emphasis should 
be placed upon the development of an economical continuous type of 
deresination process suitable for factory production of outstandingly 
superior deresinated guayule rubber. 

Equipment development.—Additional work is needed to improve 
the efficiency of continuous recovery of rubber from plant materials, 
and to develop replacements for outmoded equipment. 

Byproduct utilization. —Possibilities for the utilization of byprod- 
ucts of rubber extraction, including resins, leaves, cork, bagasse, sugars, 
etc., are not now being investigated. Certain of these, particularly 
the resins, might well yield a profit and thus aid in assuring the est ab- 
lishment of guayule as an economic farm crop. 

Recovery of guayule rubber in latex form.—Guayule latex has been 
shown to possess excellent physical properties. If the need for nat- 
ural rubber latex should become urgent, the feasibility of developing 
a latex extraction process will have to be adequately explored. 

Engineering and factory design —Additional talent will be required 
for the design and lay-out of factory-scale equipment as new processes 
or processing steps are developed. The effects of hybridization upon 
rubber recovery must be ascertained. Study should be made of the 
practicability of small extraction and processing plants to be located 
in rural areas near the source of guayule shrub supplies. 
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PLANTATION RuBBER PRODUCTION IN THE WESTERN HEMISPHERE 


(BPISAE—RI-13-0—F ederal—International Information and Educational 
Activities Funds, Department of State) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To encourage the development of production of rubber from Hevea 
in the Western Hemisphere. This involves research, demonstration, 
and advisory collaboration with Brazil, Colombia, Costa Rica, Domin- 
ican Republic, Guatemala, Haiti, Honduras, Mexico, Panama, Peru, 
Trinidad, and several private plantation companies. Research is cen- 
tered at three regional stations, one each in Guatemala, Costa Rica, 
and Haiti. Demonstrations are developed in production areas where 
American technical advisers are stationed to advise and assist native 
technicians assigned to the work. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RI-13—0-1—Control of leaf blight and miscellaneous diseases. To 
investigate all diseases affecting plantation production of Hevea and 
to develop practicable control measures against them. 

RI-13-0-2—Propagation and distribution of recommended clones 
to cooperating countries, agencies, and individuals. To produce high- 
yielding, disease-resistant planting stock and make initial distribution 
to public and private cooperators, who will continue propagation for 
establishing field plantings or redistribution within the individual 
countries. 

RI-13-0-8—Cooperative rubber production investigations. In co- 
operation with local technicians, to investigate the most practicable 
and economic means of producing rubber. "This involves the investi- 
gation of all factors influencing production and the development of 
improved cultural procedures. 

RI-13-0-4— Development of clones or varieties of Hevea and other 
rubber plants suitable for the Western Hemisphere. To produce and 
test, by breeding and selection, clones or varieties of Hevea having 
higher yield, resistance to diseases, and better adaptation to produe- 
tion areas. 


C. HISTORY AND EVOLUTION OF THIS WORK 


For two decades following World War I there was an increasing 
demand to develop a rubber industry in the Western Hemisphere to 
overcome the absolute dependence of the United States on sources of 
supply located in far-distant areas. The program to foster and pro- 
mote the production of rubber in the Western Hemisphere was started 
in 1940. Following initial surveys, 11 of the 15 tropical American 
Republics with suitable areas for the production of rubber began and 
have continued cooperation toward the aims of the program. The 
threat of war was the immediate spur to the initiation of the work in 
1940. ‘The effects of the war in curtailing rubber supplies in all Latin 
American countries, the postwar dev elopment of sizable rubber indus- 
tries in a number of them, and the need to conserve dollar balances have 
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all tended to emphasize the importance of adequate internal supplies 
of rubber. As a consequence, the interest in the program has in- 
creased. 


D. FUNDS—-ANNUAL EXPENDITURES 


The initial appropriation of $500,000 for the program was included 
in the Second Deficiency Act of 1940. Since 1942, annual appropria- 
tions to continue the Department’s participation in the work have 
been made available to the Department of State for allocation to the 
Department of Agriculture. Allotments for the period 1945-50 have 
varied from $300,000 to $345,500 annually. The cooperating countries 
have supported and participated financially in the work at the ratio of 
approximately 4 to 1. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Control of South American leaf blight——Prior to the initiation of 
this project, South American leaf-blight disease was the chief limiting 
factor to the production of plantation rubber in the Western Hemi- 
sphere. The outstanding accomplishment of the project has been 
to relegate leaf blight to a position of secondary importance. The 
steps by which this was done were: (1) The development of fungicidal 
control measures, making possible the production of healthy young 
trees in spite of the disease, and (2) the perfection of top-budding 
techniques which enable the replacement of the tops with disease- 
resistant strains so that the leaves of the resultant tree are not killed 
by the leaf blight and the tree can grow normally. 

The selection and proving of strains of Hevea sufficiently resistant 
to leaf blight to give normal growth in the presence of the disease 
have made the top-budding program feasible. However, so far, these 
disease-resistant trees have not been proved for yield. In fact, it 
already has been proved that the great majority are poor yielders. 
They cannot be used to form the tapping panel but can be used only 
to give the leaf crown. 

New production methods for three component trees.—The establish- 
ment of a rubber tree in a plantation involves several distinct steps. 
Seedlings are planted in nurseries. To the degree possible, seed from 
resistant selections are planted, but the nursery must be protected 
from disease by fungicidal sprays for several months until it is pos- 
sible to bud-graft at the base with a high-yielding strain. The practice 
has been to transplant the budded stump directly to the field. It has 
been demonstrated that, by using fungicidal sprays, the budded seed- 
lings can be left in the nursery until the new shoot from the inserted 
bud is high enough to top-work at 6 or 7 feet from the ground. Top- 
working is done with a bud from a disease-resistant strain. The result 
is a three-component tree—seedling roots, high-yielding stem, and 
disease-resistant top. It has been found that this three-component tree 
can be produced in the nursery and by suitable protection with paper 
wraps transplanted to the, field and successfully established. By doing 
all budding operations in the nursery, the costs are minimized and the 
fungicidal control is facilitated. 

Cover crops adapted to plantation management have been introduced 
and seed disseminated. ‘Tests show that these new cover crops will be 
of great importance in plantation management. 
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The colonization and development of new areas in several countries 
have been encouraged and assisted by the rubber production program. 
This has been done by assisting in t the establishment of large demon- 
stration plantings and by promoting plantings of individual farmers, 
both large and small. 

Assistance has been provided in the establishment and improvement 
of large-scale plantings by local governments and large commercial 
companies such as the United Fruit, Standard Fruit, Goodyear, and 
Firestone. 


F. SOME ADDITIONAL WORK NEEDED 


Disease and management studies—An effective control of South 
American leaf blight has been developed and a growing plantation 
industry established. ‘The diseases and production ‘difficulties of estab- 
lished plantations, including tapping panel and root diseases, fertiliza- 
tion and cultural management, and tapping and handling of latex all 
require further attention. 

reeding investigations.—The breeding, selection, and testing for 
improved clones is a continuing process. The development of clones 
possessing both productive capacit y and disease resistance, rather than 
one or the other, is an important line of investigation. Such clones 
would eliminate the need for one of the two budding operations re- 
oa in the propagation of three-component stock. A further and 

rer step is to combine pure lines that will give uniform and vigorous 
scollivigs with yield and disease-resistance. “This would eliminate the 
necessity for both buddings and would permit the planting of seed in 
place rather than by transplanting young trees. This development 
would reduce costs and facilitate the establishment of plantations, 
particularly by small native farmers. 

Plantation management research.—Continued research in all lines 
affecting establishment of plantings and production of rubber is essen- 
tial to encouragement of the growing rubber industries in a number of 
Latin-American countries. As there is little or no prospect of synthetic 
rubber production in these countries there is assurance of internal 

markets for all rubber produced for many years to come. Encourage- 
ment of rubber development by means of extension and demonstration 
programs is dependent upon proper solution to production problems 
as they arise. The answers to these problems depend on a progressive 
research program. 


BreepinG, DisEAses, AND IMPROVEMENT OF ORNAMENTAL PLANTS 
(BPISAE—b—6-1—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To develop by breeding new, improved, and disease-resistant forms 
of ornamental plants as Easter and garden lilies, daffodils, gladiolus, 
poinsettias, azaleas, and other flowering plants and shrubs. At pre- 
sent the main objectives are concerned with developing types of 
Easter and garden lilies adapted to the various climatic regions of 
the United States, gladiolus resistant to foliage diseases and bulb 
rots, carnations resistant to bacterial blight, chrysanthemums for 
early and late outdoor flowering, azaleas adapted to a wider cli- 
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matic range, and tetraploids of lilies, daylilies, carnations, snap- 
dragons, and poinsettias. In addition, improved cultural, fertilizer, 
and storage practices are being developed, and control measures are 
being devised for diseases of ornamental crops. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b—6-1-1— Breeding, selection, and testing of new seedlings of Easter 
lilies, daffodils, and tulips. To develop new types of Easter lilies 
and daffodils adapted to growing in the Gulf States and the Pacific 
and Atlantic Coast States, and to test these bulbs under growing con- 
ditions of these various areas. 

b-6-1-2—Development of methods of forcing to meet special re- 
quirements of domestic-grown flowering bulbs—to control flowering 
and quality. To determine storage conditions required to hasten 
flowering and maintain high flower production of Easter and garden 
lilies, daffodils, iris, and other flowering bulbs, and to develop sched- 
ules to enable florists to flower bulbs for specific dates, such as Christ- 
mas and Easter. 

b-6-1-3—-Breeding, selection, and testing of new types of flori- 
cultural, herbaceous, and woody ornamental plants developed during 
recent years in the Department. ‘To develop ornamental plants better 
adapted to our various climatic regions, with a wider range of flower 
color, earlier and later blooming, and disease resistance; and to test 
these plants under a wide range of conditions. 

b-6—1-4 Investigations of soil fumigants for control of soil-borne 
diseases and nematodes. ‘To test new soil-fumigating fungicides and 
nematocides as possible controls of disease organisms, including ne- 
matodes, so widely prevalent in our soils. 

b-6-1-5—Diseases of florist crops and other ornamentals—their 
cause and control. ‘To determine the causal organism of diseases at- 
tacking flowering and ornamental plants, to investigate their life 
history and to devise control measures, 

b-6-1-6—Effect of nutrition on yield, quality, and time of flower- 
ing—of florist crops. ‘To determine the best fertilizer practices for 
floricultural crops, and the effect of various fertilizers on quality 
of flowers, time of blooming, and severity of diseases. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Floricultural investigations prior to 1935 were carried on in a 
small way on bulb production, diseases of ornamentals, and land- 
scaping and extension services. At the outbreak of World War I, 
efforts were made to assist growers in the establishment of a domestic 
supply of daffodils. Farmers were encouraged to landscape their 
farmsteads and information was supplied on trees for street and road- 
side planting. A start was made on studying some diseases of or- 
namentals with special emphasis on bulb diseases. In 1935 these 
related efforts were grouped into one section on floriculture and or- 
namental investigations. Since that time emphasis has been placed 
on basic information for developing control measures for some of the 
important diseases of ornamental plants, on breeding new and im- 
proved varieties, and on developing improved cultural practices to 
aid florists in increasing yields and improving quality of their 
products. 
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D. FUNDS-—-ANNUAL EXPENDITURES 


From 1915 to 1920, the work was financed from funds covering 
several crops and it appears that approximately $8,000 to $10,000 was 
expended annually. Funds were increased to about $15,000 in 1928, to 
$44,000 from 1930 to 1935, and to $61,000 in 1940. Since a larger 
range of greenhouses became available in 1942, the annual funds avail- 
able have been about $168,000 and totaled $192,360 in 1950. 


E,. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


The development of the American daffodil bulb industry is largely 
a result of early work by the Department in developing ciaai) prac- 
tices and demonstrating that daffodils could be produced in several 
sections of this country. This is also true for tulips. 

The development of a domestic supply of Easter lilies is traceable 
to work of the Department in developing new varieties, cultural and 
propagation methods, and control measures for the more serious 
diseases of this crop. 

The development of pre-planting storage practices for the forcing 
of daffodils, Easter lilies, and bulbous iris has made it possible for 
florists to time the blooming of these three flower crops so that they 
may have them in bloom for Christmas, Easter, or any time they are 
desired. The Department workers were the first to demonstrate that 
storing these bulbs at controlled low temperatures hastened their 
blooming and thus saved time for the florists. This work also showed 
that Easter lilies stored at temperatures just below freezing main- 
tained the ability to produce numerous flowers, even after storage for 
as long asa year. This work has made it possible to use smaller bulbs 
than fereto fate, since the flower count of such bulbs is maintained by 
storage at low temperatures, whereas at slightly higher temperatures 
(33°-35° F.) the smaller bulbs usually do not produce flowers. The 
failure of bulbous iris to bloom has been found to result from improper 
handling, curing, and storing after harvest of the bulbs. 

The control of basal rot, the most serious disease of daffodils, was 
accomplished by Department workers. This disease is now wide- 
spread, but under control, in all sections of the country. When it 
first appeared in daffodil sections of New York and North Carolina, 
it threatened to wipe out this new agricultural industry. 

The clarification of the virus diseases in Easter lilies has made 
possible intelligent roguing by Easter lily growers and also furnished 
them with information as to what insects carried the virus so that 
control measures could be set up. 

The demonstration that “stunt” in chrysanthemums is a virus dis- 
ease. Department workers showed how the disease was transmitted 
and how it could be controlled. This disease threatened the green- 
house chrysanthemum industry, some florists suffering losses as high 
as 50 percent. As a result of this research, “stunt” is no longer a 
serious factor in chrysanthemum production. 

The control of scale rotting of lily bulbs, as developed in the Depart- 
ment, has removed the greatest hazard to rapid propagation of all 
lilies, making it possible to expand the lily sedkiiatey rapidly when all 
foreign supplies of lilies were cut off as a result of World War IT. 
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Studies on the nutritional requirements of some fungi that attack 
ornamentals have led to changes in fertilizer practices with daffodils 
and gladiolus, since it has been shown that the disease organisms are 
so stimulated by nitrogen that use of large amounts of nitrogen greatly 
increases losses from the diseases. It was also found with gladiolus 
that the bad effect of high nitrogen is greatly reduced if the phos- 
phorus level is also high. 

The development of new varieties of ornamental plants has led to 
the naming and introducing of several dozen carnation varieties, over 
three dozen new hardy chrysanthemums, a dozen new daylilies, and 
over a dozen new azaleas. These varieties are now in commerce and 
some are useful for home gardens, while others are florists’ varieties. 

The development of tetraploid varieties of ornamentals by doubling 
the chromosome number has resulted in several new varieties of 
Easter lilies, snapdragons, poinsettias, and carnations. Such plants 
are more vigorous than the normal, have larger flowers and sturdier 
stems. 


F. SOME ADDITIONAL WORK NEEDED 


An expanded program on investigating the causes and control of 
diseases of ornamental plants.—The losses each year from diseases of 
ornamental plants are very large but difficult to ascertain because 
many such losses occur in home gardens, large parks, and noncom- 
mercial establishments. In many instances no work has been done 
on these diseases and no control measures are available. Much basic 
work is needed to identify the causal organisms, determine their life 
histories and their susceptibility to available fungicides. Work of 
this sort is especially needed in the Southeastern States where climatic 
conditions are very favorable for the diseases and it is not possible for 
home gardeners to grow many of our finest ornamental plants because 
of such disease organisms. 

Breeding ornamental plants and flowers adapted to our various 
climatic regions and resistant to diseases, to meet the needs in many 
sections for ornamental shrubs and flowers for home gardens and 
landscaping. ‘There is also a need for disease-resistant varieties both 
for home gardens and commercial use. In some sections varieties 
are needed that withstand drought, in other sections to withstand cold, 
and in all sections to furnish flowers both earlier and later. Low- 
growing forms are needed for the new types of homes now being built. 

Investigations on the nutrient requirements of ornamental plants.— 
Very little information is available as to the best fertilizers to use 
on ornamental trees, shrubs, and flowers. There is a need for this 
information to enable gardeners and florists to obtain the maximum in 
yields of flowers of good quality. 

Investigations on development of cold storage handling of floricul- 
tural products.—There is a need for information on handling practi- 
cally all ornamental plants, including bulbs and shrubs, while they 
are out of the ground and prior to replanting. The little informa- 
tion available on some flowering bulbs indicates that controlled stor- 
age temperatures are very important in determining subsequent per- 
formance of the plant material. At present, garden lilies usually 
mature too late in the fall to reach the consumer in the northern States 
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in time to plant. If methods could be worked out to hold such bulbs 
in storage over winter for spring planting the garden lily industry 
would be greatly stimulated. 


INVESTIGATIONS OF Pests OF GREENHOUSE AND ORNAMENTAL PLANTS 
( BEPQ—I-d—14—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop effective and economical con- 
trol measures for insects and related pests injuring flowering bulbs, 
flowering and ornamental plants grown under glass and out of doors, 
and vegetables grown under glass. It is estimated that a total annual 
loss of at least 10 percent of the value of these crops, approximately 
$50,000,000, is caused by insects and insect-borne diseases. Annual 
retail sales of these crops during recent years have been estimated at 
about one-half billion dollars, including $100,000,000 for roses, 
$42,000,000 for carnations, and $25,000,000 for lilies. The current 
work includes studies to determine the pests involved, their distribu- 
tion, relative importance and habits, with special reference to infor- 
mation needed to aid in the formulation of control measures. In addi- 
tion, in cooperation with plant pathologists, information is being 
sought on the identity of insects which are carriers of various virus 
diseases affecting greenhouse and ornamental plants and on the con- 
trol of such insects. Studies are also underway to develop methods 
for the control of ants affecting ornamentals and ornamental gardens. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-14—-1—Insecticides for pests of greenhouse and ornamental 
plants. To develop efficient and effective methods of insecticidal con- 
trol of insects and related pests affecting greenhouse-grown and orna- 
mental plants. 

I-d—14—2—- Insect vectors of plant diseases. To study the relation- 
ship, in cooperation with plant pathologists, of insects to the spread of 
virus diseases of carnation, gladiolus, lily, and other floral crops, 
including the determination of the species of insects responsible for 
the spread of these diseases, and the development of measures to con- 
trol these pests. 

I-d-14-3—Status of insects and related pests of flowering bulbs 
and other ornamental plants. To determine the relative importance 
of the different insect problems in the production of flowering bulbs 
and ornamental plants in the Pacific Northwest and in the East. To 
determine the general distribution and habits of the insects and 
related pests involved, the crops attacked, the type and extent of 
damage, and the most practicol and effective control measures. 

I-d-14-4— Investigations of ants affecting ornamentals and orna- 
mental gardens. To determine the value of the newer insecticides as 
well as some of the older materials for the control of ants affecting 
ornamentals and ornamental gardens, when applied in various forms, 
including dusts, solutions, emulsions, suspensions, fumigants, baits, 
or aerosols and to determine the effect of these insecticides when mixed 
in the soil or when applied directly to the plants. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The flowering and ornamental plants and flowering bulbs grown 
under glass and out of doors, plus vegetables grown under glass in 
commercial greenhouses, are subject to attack by many species of 
insects and related pests. The production of each of these crops is a 
specialized and highly important industry. 

Sporadic attention was given for many years by entomologists of 
the Department to the control of insects and related pests attacking 
greenhouse and ornamental plants, but it was not until 1915 that 
systematic studies were begun on some of the more common pests 
attacking greenhouse crops and bulbs. This work gradually in- 
creased in scope and special investigations were started in 1929, 
having for their objective the control of bulb flies and mites attackin 
flowering bulbs. Within the next few years the work was sxpaniied 
to include studies on insect carriers of plant diseases, such as rose 
mosaics, aster yellows, lily mosaics, and narcissus mosaic, and to 
include studies on the control of aphids, thrips, whiteflies, spider 
mites, and other types of mites and mealybugs on various greenhouse- 
grown plants. Work on the gladiolus thrips and iris thrips was 
included. In 1941 and 1942, emphasis was placed on the insecticidal 
control of insects that attack greenhouse-grown vegetables. In June 
1943, the work was,discontinued and facilities utilized in the study 
of various insecticides for use on vegetables. This research was re- 
activated in July 1946. Chronologically, the later phases of the 
research work under this project were started at Sumner, Wash., in 
1927, at Washington, D. C., in 1928, at Babylon, N. Y., in 1928, and 
at Farmingdale, N. Y., in 1948. The activities at Babylon were dis- 
continued in 1944 and the work at Washington, D. C., was transferred 
to Beltsville, Md., in 1935. 

During the early stages of this research a long list of aphids and 
leafhoppers were found to transmit virus diseases to greenhouse- 
grown and ornamental plants and methods of controlling a number of 
pests were developed. 

During the last few years new problems have arisen; several promis- 
ing new insecticides have become available; new methods of applying 
insecticides, such as in aerosols, have proved valuable; and new insect- 
borne plant diseases have been recognized. For example, the carna- 
tion industry is now threatened by virus diseases which are apparently 
transmitted by insects. Among other major developments affecting 
this work, the bulb industries in Japan and Holland suffered severe 
reverses due to wartime conditions, and the bulb industry in the 
United States has made a corresponding growth. Due to this situa- 
tion, the lily-bulb industry in this country has been developing and its 
success depends largely upon the control of insects and insect-borne 
plant diseases. 


D. FUNDS--ANNUAL EXPENDITURES 


Until 1933 this work was done under an appropriation for tropical 
insects and what portion was spent on ornamentals prior to 1929 is 
not known. The annual expenditures for tropical insects in green- 
houses for fiscal years 1916 to 1920 averaged about $2,000, 1921 to 1925, 
$9,000, and 1926 to 1928, $14,000. In 1928, $4,000 was spent on special 
investigations begun that year on flowering bulbs. This was increased 
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in 1929 to $14,000 for bulbs, plus $16,000 for special work on orna- 
mentals in the greenhouse. ‘These two new projects were later com- 
bined to form the current project. In 1930, about $35,000 was ex- 
pended. Average annual expenditures for fiscal ye ars 1931 to 1935 
were about $34,000; 1936 to 1940, $37,000; 1941 to 1943, $36,000; 1944 
to 1946, none; and 1947 to 1950, $50,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Fundamental information obtained on fumigation with cyanide 
compounds for control of greenhouse pests.—Extensive experiments 
during the period 1915-25 showed that fumigation with cyanide, 
whether derived from potassium, sodium, or calcium, was an excellent 
method of combating most of the important greenhouse pests. The 
dosage rate of cy yanide necessary for the control of many species of 
insects was worked out, as well as the maximum dosage that could be 
tolerated by a wide range of greenhouse plants without suffer ing plant 
injury. It was also found that by this method a short period of fumi- 
gation with a high concentration of the gas was more effective for the 
control of some insects than an exposure to a weak concentration for 
along period. These findings are still considered fundamental and are 
observed by the entire greenhouse industry in all their fumigation 
operations. 

Hot water and vapor heat treatments developed for control of flies, 
mites, and nematodes infesting narcissus bulbs—Methods were 
worked out, including the development of necessary apparatus, during 
the period beginning i in 1926, for the use of hot w ater or vapor heat to 
control the narcissus bulb fly, several species of lesser bulb flies, the 
bulb mite, the bulb scale mite, and the bulb nematode infesting har- 
vested or ‘imported narcissus bulbs. These methods are used widely 
by the growers and importers of narcissus bulbs with consequent re- 
duction in losses. For example, a survey in Oregon and Washington 
during 1938 disclosed that infested bulbs representing a value of at 
least $75,000 could have been saved by the application of this method 
of control. 

Control method developed for cyclamen mite and broad mite on 
various greenhouse crops—Hot water or vapor heat treatment, sup- 
plemented in some instances by methyl bromide fumigation and lime- 
sulfur spray, was demonstrated to be an excellent ‘remedy for the 
control of the cyclamen mite and the broad mite infesting various flow- 
ering crops and vegetables in greenhouses. These mites are limiting 
factors in the production of such greenhouse crops as cyclamen, ger- 
bera, chrysanthemum, geranium, snapdragon, ivy, larkspur, ‘and 
tomato. 

New insecticides developed to control gladiolus thrips——Experi- 
ments to control the gladiolus thrips beginning i in 1934 showed that 
sweetened sprays containing either paris green or tartar emetic were 
very effective against the gladiolus thrips on the growing crop but that 
the former material caused plant injury under some conditions. It 
was also shown that the application of naphthalene flakes to the corms 
(bulbs) in storage was an effective method of preventing corm injury 
and spreading infestation. The demonstrated use of DDT dusts or 
sprays on the growing crop and DDT dusts or aerosols on corms, or the 
application of emulsion sprays containing toxaphene, parathion, or 
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chlordane on the growing crop, were found to be much more effective 
than earlier developed aietheda These materials are now in common 
use by most commercial and home garden growers. 

Nicotine controls serpentine of miner on gerbera in greenhouses.— 
Experiments conducted on Long Island, N. Y., during the period 1937- 
38 disclosed that the terpentine leaf miner attacking gerbera, the 
most important insect pest of this crop, could be controlled ace 
by the use of nicotine fumigation, using the pressure-can method. 
This method has satisfactorily solved this problem for the commercial 
producers of this important floral crop. 

Control of the iris thrips perfected.—Control of the iris thrip, one 
of the most destructive pests affecting commercial or home garden 
plantings of this flower, was successfully worked out by the immersing 
of plant divisions of the iris in hot water or by the application of 
sprays containing nicotine or rotenone. 

Pressure-can method of vaporizing nicotine proved most effective 
and practical for greenhouse fumigation.—As the result of testing the 
comparative efficiency and practicability of five different methods of 
vaporizing nicotine for the fumigation of greenhouses to control 
aphids, whiteflies, mealybugs and thrips, it was shown that the pres- 
sure-can method was the cheapest, most effective, and convenient. 
This method was followed, in order of decreasing value, by the engine- 
exhaust method; the fine atomization of nicotine solution distributed 
by an air blower; the use of tobacco powder smudges; and the burning 
of nicotine-impregnated papers. 

Spectacular results have been obtained in the use of aerosols to con- 
trol greenhouse pests such as aphids, thrips, whiteflies, mealybugs and 
red spider mites on greenhouse-grown flowers and vegetables. These 
results were obtained during recent years with aerosols formulated by 
another unit of this Bureau, which contained DDT, hexaethyl tetra- 
phosphate, tetraethyl pyrophosphate, combinations of the latter two 
materials, parathion, or tetraethyl dithiopyrophosphate. The latter 
aerosol is of special value since it successfully controls a resistant 
strain of the two-spotted spider mite on roses which has heretofore 
been difficult to control. Following the develpment of methods for 
their use, these aerosols were universally adopted by commercial grow- 
ers of greenhouse crops with resultant great savings from pest damage. 
For example, the weekly application for four months of an aerosol 
containing hexaethyl tetraphosphate in one large rose-growing estab- 
lishment, resulted in freedom from spider mite injury, vigorous 
growth, longer stems, and an increase of 30 percent in the number of 
saleable blooms produced. 

Information obtained on insect carriers of plant diseases affecting 
greenhouse and ornamental plants.—Studies in cooperation with plant 
pathologists have yielded important information on the identity and 
habits of insect carriers of plant diseases, including the determina- 
tion that the chrysanthemum aphid was the principal cause of the 
spread of chrysanthemum stunt, an important factor in the production 
of this crop, and that this condition may also be caused by the grafting 
operation or by the rubbing of the leaves; that some of the destructive 
viruses of lily diseases may be transmitted by aphids during the storage 
period or on the growing plants; that mosaic diseases of gladiolus 
and carnations are spread by aphids; that aphids are also responsible 
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for the transmission of a mosaic on ornithogalium and on iris, canna, 
onions, and lettuce. On the other hand, negative results were obtained 
from trials of 31 species to determine whether any of them were respon- 
sible for the transmission of mosaic and streak diseases of the rose. 


F. SOME ADDITIONAL WORK NEEDED 


Control measures are needed for the iris borer and its develop- 
ment.—The iris borer for many years has been one of the most serious 
ests attacking iris grown in commercial plantings or in home gardens. 
‘here is no effective control method known for this insect that can be 
applied cheaply and conveniently. There is need, therefore, for an 
investigation to determine the most effective insecticide and time and 
method of its application to combat this pest successfully together with 
any supplemental control measures that may be necessary to solve this 
problem. 

Control measures needed for insect and related pests affecting house 
plants.—Persons growing various ornamental aa flowering plants in 
the home are greatly troubled with a variety of insects sal related 
pests which take a serious toll of many plants grown in homes. Al- 
though methods have been worked out for the control of many of these 
insects occurring in commercial establishments, there is a lack of suf- 
ficient information for the control of such pests under the conditions 
existing in the average home. It is important, therefore, to initiate 
investigations having for their objective the development of control 
measures, including the application of insecticides, to enable the home 
owner to protect the principal household ornamental plants. 

Control needed for insect pests affecting herbaceous plants——Cur- 
rently known control measures against many of the insects of the her- 
baceous type such as phlox, delphinium, and larkspur are not adequate. 
It is important, therefore, that investigations be initiated to explore 
the utility of the newer insecticides in combating the various species 
of insects and related pests which attack this type of plant. 

Studies on the tolerance of greenhouse-grown and home-grown 
plants to new insecticides needed.—Although some investigations have 
been conducted on the effectiveness of the newer insecticides on some of 
the insects and related pests of plants grown in the greenhouse and in 
the home, there is a lack of sufficient information on the effect of many 
of the newer insecticides on this type of plant. It is important, there- 
fore, that investigations be initiated in an attempt to solve this prob- 
lem and to enable entomologists to make recommendations for the use 
of insecticides under these conditions with an assurance that the plants 
involved will tolerate the application of the insecticidal materials 
recommended. 


INVESTIGATIONS OF WINpDBREAK, BuLsB, AND FLortcuLTURAL PLANTS 
FOR THE Great PLAINS AND INTERMOUNTAIN REGIONS 


(BPISAE—b-6-2—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Discover or to develop trees, shrubs, and ornamental plants 
I 


suitable for windbreak and ornamental plantings in the Great Plains- 
Intermountain region, and (2) develop suitable methods for their 
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propagation and culture in the soils and climates of the region. Test 
plantings of various species of windbreak and ornamental plants are 
established on the station grounds at Cheyenne, Wyo., Mandan, N. 
Dak., and Woodward, Okla., and in cooperation with other agencies 
and individual farmers throughout 10 prairie and mountain States, 
efforts are being made to determine the adaptability and best methods 
of culture. Experiments are in progress at the three main stations to 
find the proper methods of spacing, arrangement, and cultivation of 
windbreak trees on the Plains. Breeding work is in progress to obtain 
better adapted varieties of ornamental plants for the alkaline soils, 
short seasons, and severe climate of the Plains area. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-6-2-1—F arm windbreaks for the central Great Plains area. 'To 
determine by cooperative tree plantings on selected farms and ranches 
throughout the central Great Plains the proper species and cultural 
practices for developing windbreaks to protect homesites, crops, and 
livestock. 

b-6-2-2—-Nursery and cultural investigations with farm windbreak 
trees and shrubs. To determine by experiments under central Great 
Plains conditions the best nursery practices for propagating trees and 
shrubs and means of handling nursery stock to insure survival when 
planted in farm and ranch windbreaks. 

b-6-2-3—Testing forest-tree species for adaptation to farm wind- 
break use. ‘To determine by experimental tests on both dry and irri- 
gated land the species of trees adapted for the central Great Plains 
with special emphasis on species not commonly used in windbreak 
plantings in the region. 

b-6-2-4—Tree spacing and thinning in relation to farm windbreak 
development. ‘To determine by controlled experiments the proper 
spacing of trees to produce effective windbreaks in the central Great 
Plains. 

b-6-2-6—Adaptation of species and varieties of ornamental shrubs 
and trees for use in the central Great Plains region, including native 
wild as well as domesticated types. To select from extensive experi- 
mental tests the species and varieties of trees and ornamental shrubs 
best suited for planting on farms and ranches in the central Great 
Plains to provide shade and to improve rural home surroundings on 
the barren plains landscape. 

b-6-2-7—-Adaptation of hardy chrysanthemums and miscellaneous 
perennials and annuals for use in the central Great Plains region. To 
obtain or develop species of perennials and annuals adapted to central 
Great Plains conditions, that will beautify home surroundings and 
public grounds and also increase the income of commercial flower 
growers in the region. 

b-6-2-8—Breeding and testing varieties of roses adapted for grow- 
ing in central Great Plains region. To obtain varieties of garden 
roses adapted to the cold climate and alkaline soils of the central 
Great Plains that will increase the pleasure of living on the Plains 
and add to the income of nurserymen operating in the region. 

b-6-2-9—Species and variety tests for the southern Great Plains 
region. ‘To determine the species, varieties, or selection of trees, 
shrubs, and vines that are adapted to the rigorous weather conditions 
of the southern Great Plains region. 
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b-6-2-10—Planting and cultural methods for the southern Great 
Plains Region. To determine best methods for successful plantings 
in the region. 

b-6-2-11—Effect of soil, site, and climate on survival and growth 
of trees in farmstead windbreak and ornamental plantings in the 
southern Great Plains region. 

b-6-—2-12—-Species and variety tests of herbaceous perennials and 
annuals for use in the southern Great Plains area. To obtain infor- 
mation on best adapted species and varieties useful because of flowers 
or foliage for ornamental plantings in this area, to beautify home sur- 
roundings and public grounds, or for marketing. 

b-6-2-13—Furnishing technical assistance in tree and shrub plant- 
ings to military and civic agencies. Furnish lists of trees, shrubs, and 
vines that would be suitable for various uses, based on data secured 
from field trials to army installations in the area, to civic projects 
for parks, schools, churches, courthouses, hospitals, and community 
plantings. 

b-6-2-14—Hedges and ornamentals for the northern Great Plains 
region. Tests have included over 30 different species of shrubs and 
trees in trimmed and untrimmed hedge formation. Ornamental tests 
have included French hybrid lilacs, roses, various ornamental shrubs 
and trees, as well as herbaceous perennials and annuals. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Early work was carried on at Mandan, N. Dak., and Woodward, 
Okla.; as projects in Dry Land Agriculture Investigation. More ex- 
tensive work was started in 1929 at the Cheyenne Horticultural Field 
Station. The work in the three regions of the Great Plains was con- 
solidated into the present project in 1946. During World War II 
the activity was reduced to little more than a maintenance level. 


D. FUNDS—-ANNUAL EXPENDITURES 


From 1934 to 1943 funds for the work at Cheyenne were about 
$26,000 per year. In 1944 and 1945 they dropped to about $8,000. 
From 1946 to 1949 the total amount for work at the three stations 
ranged from about $24,000 to $29,450. The 1950 allotment was $28,240. 
Funds for the work at Mandan and at Woodward previous to con- 
solidation amounted to about $8,000 per year at each place. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Recent publications have been prepared summarizing recommenda- 
tions based on long-time investigations on hedges for the Central 
Great Plains, shrubs for the southern Plains, ornamental woody vines 
for the southern Plains, and protective farm shelterbelts for the north- 
ern Plains. 

Information on the establishment and successful management of 
farm windbreaks in various localities throughout the northern, cen- 
tral, and southern Great Plains regions has been obtained and made 
available. 

Six varieties of hardy, early flowering chrysanthemums have been 
bred and released to the trade—They are grown widely in cold cli- 
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mates of the United States and Canada. Material developed from 
this project has been the source of hardiness and early flowering in 
the chrysanthemum varieties developed by the Minnesota and Ne- 
braska Agricultural Experiment Stations. 

Varieties of asters have been bred with resistance to yellows (virus) 
and to fusarium wilt and released to the trade. 

Hardy disease-resistant types of roses have been developed and made 
available to the trade. 


F. SOME ADDITIONAL WORK NEEDED 


Investigation should be made of methods of vegetative propagation 
of superior individual trees found growing in the region and having 
unusually desirable characteristics which might not be transmitted by 
seed propagation. 

More frequent inspection of cooperative farm windbreak tests is 
essential to properly evaluate the results of the very large number of 
tests distributed over wide territory. 

Breeding of hardy chrysanthemums, disease-resistant asters, and 
hardy roses to improve flower quality and prolong blooming period, 
should be continued. 

The initiation of breeding work with other flowering crops is also 
highly desirable, in order to obtain greater hardiness and disease 
resistance. 


AzALEA Fiower Spor Disease INVESTIGATIONS 
(BPISAE—b-6-3—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To develop control measures for the azalea flower spot disease preva- 
lent in the Southeastern States from North Carolina south to Florida 
and west to Texas. Various fungicides have been used as sprays and 
dusts on the flower buds and open flowers. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-6-3-1—Azalea flower spot disease investigations. These investi- 
gations are designed to develop an effective control of the azalea flower 
spot disease. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The azalea flower-spot disease was first reported near Charleston, 
S. C., in 1931. By 1940 it had spread over the Southeastern States. 
The cause of the disease was determined to be a hitherto unknown 
organism and its life history was investigated and reported on in 
1940. The Department started survey work on this disease in 1933 
and some research was started in 1934. In 1937 funds became available 
for intensive research. 


D. FUNDS—ANNUAL EXPENDITURES 


From 1931 to 1935 the surveys and observations were financed from 
funds covering work on diseases of other ornamental crops. In 1935, 
$500 was made available and this was increased to $3,000 in 1937. 
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The annual expenditures remained at this level until 1941, when 
$10,000 was appropriated and this was increased to $13,540 during 

1942-43. In 1944 it was reduced to $8,331 and to $4,800 during 1945- 
46. In 1947 funds were restored to $10,710. The allotment for 1950 
was $12,200. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Identification of the organism causing azalea flower spot and its life 
history was accomplished to furnish the basis for control measures. 

Control measures for the azalea flower-spot disease were developed 
by use of protective sprays applied every 3 days to flower buds and 
opened flowers. Eradicant sprays, to reduce early infections, have not 
proved satisfactory. 


F. SOME ADDITIONAL WORK NEEDED 


Development of azaleas resistant to the flower-spot disease would 
eliminate the need for spraying, saving money and time. Research 
should be continued to determine the effectiveness of new fungicide 
materials and improved methods of application. 


Musuroom INVESTIGATIONS 


(BPISAE—b—4-15— Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new, improved, and more profitable methods of growing 
mushrooms commercially, with special attention to the problems 
created by diminishing supply and increasing costs of horse manure, 
and of increasing troubles from certain diseases and other disorders 
of mushrooms. Artificial and modified composts are prepared, fer- 
mented, pasteurized, planted with pure culture, and cropped under 
specially controlled experimental conditions and in commercial houses 
in cooperation with growers. Specific disease troubles are investi- 
gated and practical remedies sought. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-4-15-1—Breeding and selecting new mushroom varieties. To de- 
velop special qualities and more productive types for commercial 
growing. 

b-4—15-2—Diseases of cultivated mushrooms. To determine the 
nature of and develop controls for the diseases that impair quality and 
reduce yields of commercially grown mushrooms. 

b—4-15-3—Dev elopment of nutrient supplements and substitutes for 
horse manure compost in mushroom production. ‘To increase yields 
and quality of mushrooms, reduce costs of production, and increase 
profits through improving the composition and other qualities of 
manure or other composts on which mushrooms are grown. 


C. HISTORY AND EVOLUTION OF THIS WORK 


An earlier project on mushroom research was active from 1928 to 
1943, when it was liquidated on account of World War II. That proj- 
ect had so proved its value to the industry that the present project was 
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organized in 1948 to resume researches interrupted by the war. In the 
early work, methods were devised and published on spawn making; 
and work was done on a number of diseases. The physical possibility 
of producing artificial composts was established and studies started 
on the microbiological activities in the compost pile and the effects of 
various factors on them. Since 1948 major mania has been on the 
control of diseases; on effects of properties of casing soil; on the en- 
richment of relatively low grade horse manure with various materials 
to increase yields of mushrooms; and on new microbiological control 
in the compost through new heat-treating techniques. 


D. FUNDS—-ANNUAL EXPENDITURES 


From 1928 to 1943 expenditures were $8,000 to $10,000 per year; in 
1948 they were $10,000 and 1949 and 1950 allotments were $21,300. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Commercially practical methods of production of spawn of con- 
trolled parentage were devised and made available to the public. 

Methods for markedly reducing or eliminating several mushroom 

_diseases including “bubbles” disease, olive mold, white plaster mold 
and brown plaster mold, were devised and put into practice. Since 
1930 yields of mushrooms have increased 1 to 114 pounds per square 
foot of compost bed, largely as a result of the research done during 
this period. 

Artificial composts have been shown possible but much remains to 
be learned to make them as practicable as desired under present con- 
ditions. 

The tray system of culture formerly used only in caves and other 
spaces not subject to pasteurization, has been adapted to house culture 
with resultant doubling of yields. 

Composting and pasteurizing studies have led to the development of 
concepts of a new system of culture or management soon to be pub- 
lished and introduced to the industry, which in experimental work 
has given twice the normal yield. 

Studies on compost supplements have shown that vitamins and 
minerals tried were without value. Additions of high-protein ma- 
terials like alfalfa meal, cottonseed meal, and brewers grains have 
given mushroom yield increases in proportion to the amounts of pro- 
tein nitrogen added. In experimental tests returns as high as $10 
have been obtained for each $1 invested in compost supplements. 


F. SOME ADDITIONAL WORK NEEDED 


Breeding and selecting new mushroom varieties, although listed as 
an active project, is largely crowded out at present by the more im- 
mediately pressing problems on disease control and on productivity 
of compost. The commercial possibilities of species of superior quality 
or productivity remain to be explored. 

Artificial compost, while known to be a physical possibility, in- 
volves many physical and economic problems that must be dealt with 
before it can be prepared as cheaply as manure. With still further 
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diminution of manure supplies and increases in costs of transporta- 
tion, the need for solving artificial compost problems will become far 
greater. : 


Musuroom Insecr INVESTIGATIONS 
(BEPQ—I-d-15—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop more satisfactory methods 
of control of insects and mites on cultivated mushrooms. Mushroom 
culture in houses, caves, or cellars involves the control of several 
serious pests. Mushrooms are subject to severe damage by maggots 
of the mushroom flies that burrow into all parts of the mushroom and 
the media in which it grows, and by mites that dehabilitate the spawn, 
and by springtails and sowbugs that eat holes in the mushrooms, 
thereby reducing their market value. C urrently, insecticidal tests 
are made, partic ularly as drenches for beds, to kill the pests buried 
in the culture media and spawn. Heat is tested as a means of destroy- 
ing mites in the house before the spawn is placed. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-d-15-1— Insecticidal control of insects and mites attacking mush- 
rooms. This chiefly involves the testing of various chemical treat- 
ments for their value in the control] of insects and mites in mushroom 
plantings and their effect on the yield and quality of the mushroom 
crop. 

C. HISTORY AND EVOLUTION OF THIS WORK 


Incidental observations were made on these pests for many years, 
but it was not until 1929 that a special project was organized at the 
urgent request of the industry to develop methods of preventing wide- 
scale losses. At first the studies were directed toward improvements 
in methods of processing the manure before planting the crop. Studies 
were made of the temperature necessary in fermentation of the com- 
post preparatory to planting the crop to improve the product but at 
the same time to kill the different pests by the high temporatures that 
develop and by exposure to low temperatures and fumigants. From 
1931 to 1938, extensive studies were made on the biology of the mush- 
room mite. Numerous tests were made with insecticides applied as 
drenches at various times during the cropping season. At first the 
headquarters for the work was at Arlington, Va., but in 1935 they 
were transferred to the Agricultural Research Center at Beltsville, 
Md., where small mushroom houses were provided for experimental 
work. The work was inactive during fiscal years 1943-46. During the 
past 4 years the work has been confined chiefly to experiments on the 
tolerance of mushrooms to insecticides that have proved effective 
against flies and to the new phosphate insecticides used to kill mites. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Average : annus ile xpenditures for 1929 and 1930 were about $6,000; 
1931 to 1935, $5,000; 1936 to 1942, $5,000; 1943 to 1946, none; and 
1947 to 1950, $7,500. Expenditures in 1950, $6,500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Value of heat during composting of manure and sanitary measures 
shown as method of mushroom pest control.—Studies of temperature 
required to kill mushroom pests have resulted in a careful compost- 
ing of manure to eliminate the pest from compost before being taken 
into the mushroom house. After the compost is placed in beds and is 
going through a second heat process, the efficiency of the heat gener- 
ated in the beds is increased by the use of fans. Those studies show 
an even distribution of heat is essential to kill of insects and mites and 
that “cold spots” constitute places of infection for the entire mushroom 
house. 

Improved fumigation methods demonstrated as control for pests 
that escape heat treatment.—A sulfur burner was developed for effec- 
tive sulfur fumigation prior to planting mushroom spawn. The use of 
the pot method of cyanide fumigation was demonstrated to be cheaper 
than the use of calcium cyanide. Fumigation of the houses at peak 
heat and use of fans to distribute the heat and gas, improved the effec- 
tiveness of cyanide fumigation. 


F. SOME ADDITIONAL WORK NEEDED 


In addition to the current research, there is an immediate need for 
a study of the media in which mushroom flies breed to determine if the 
factor responsible for their livelihood cannot be eliminated from the 
mushroom compost. 


Drue, Om, INsecricipes, Raricipr, TANNIN, FLAVORING, AND SPECIAL 
Propucr PLantr INVESTIGATIONS 


(BPISAE—b-9-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop domestic sources of important plants for drugs, essen- 
tial and fixed oils, insecticides, tannins, raticides, and favoring mate- 
rials through the introduction and establishment of native or intro- 
duced species. The current work is designed to: (1) Determine the 
cultural requirements of the species and their adaptation to specific 
areas; (2) develop and select varieties with greater productivity, bet- 
ter quality, and disease resistance; (3) determine the influence of soil 
and climate, inheritance, methods of harvesting and processing on 
the yield and quality of the commercial products; (4) develop practi- 

cal methods of handling such plants on farms to reduce production 
cont 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-9-1-2—Adaptation, variety-improvement, and cultural studies of 
poppies as a source of morphine and condiment. To develop poppy 
strains of high morphine content for utilization of dry capsules as a 
source of morphine and seed as condiment; determine areas of adapta- 
tion and cultural and handling practices. (Results and detailed in- 
formation are confidential at the request of the Bureau of Narcotics.) 

b-9-1-3—Medicinal, flavoring, and special plant garden. To study 
adaptation and varietal differences, provide material for observation 
and study and maintain planting stock of special economic species of 
plants, especially for those of supply importance but not grown con- 
tinuously or extensively as crops. 

b-9-1-5—Adaptation, variety improvement, cultural and produc- 
tion studies of castor bean. To develop suitable cultural and handling 
practices for commercial production in areas of adaptation, and breed 
disease resistant, high yielding varieties suitable for machine har- 
vesting, to furnish a domestic supply of castor oil and a new supple- 
mental cash crop. 

b-9-1-6—Culture, adaptation, and varietal improvement of saf- 
flower, sesame, sunflower, perilla, and other special oil-seed crops. To 
determine areas of adaptation and cultural methods; develop, by 
breeding new types with higher yield and oil content, greater disease 
resistance and adaptation to masa harvesting as supplemental cash 
crops in rotations and as replacement crops in times of staple crop 
surpluses. 

b-9-1-7—Domestic production of rose geranium, camphor basil, and 
other essential oil crops for medicinal and technical use. To deter- 
mine methods of culture, areas of adaptation, means of improving 
yields and quality, to provide new sources of raw material for medici- 
nals, perfumery, flavoring, and scenting agents. 

b-9-1-9—Testing new plant introductions for possible sources of 
drugs, oils, insecticides, tannins, and miscellaneous products. To 
make test plantings of various foreign plant species and varieties in 
suitable localities and determine by appropriate means their value as 
possible sources of economic plant products. 

b-9-1-11—Development of methods of control of Verticillium wilt 
of peppermint and spearmint. To breed wilt-resistant, high yielding 
varieties of mint of commercially acceptable quality, to control wilt 
in present varieties by soil treatment and cultural practices and to 
increase production of oil and returns to farmers. 

b-9-1-12—Culture, adaptation, and breeding for quality improve- 
ment in pyrethrum for insectical purposes. To develop strains of 
pyrethrum with high yields of flowers of high potency ; determine areas 
of adaptation and cultural and handling methods and determine the 
effects of practical curing and drying methods on retention of insec- 
ticidal quality. 

b-9-1-13—Breeding improved strains of Tephrosia for use in de- 
veloping an insecticidal crop. To develop commercially useful strains 
of Tephrosia with improved rotenone content and higher yielding 
ability. 

b-9-1-15—Red squill for raticide propagation, toxicity, and varietal 
improvement studies. To determine the most practical method of 
propagating red squill, its cultural requirements, sen regions of adap- 
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tation, and to improve its potency and other desirable qualities by se- 
lection and breeding. 

b-9-1-16—Canaigre as a source of tannin. To evaluate various 
geographic types of canaigre for quality and determine methods for 
improving tannin content and root yield. 

b-9-1-18—Cultural methods, varietal adaptation and disease studies 
of sage, caraway, coriander, anise, and other condiment plants. To 
determine varietal differences, adaptation, cultural, disease control and 
handling methods in relation to crop possibilities and factors affecting 
yields and quality of condiment products obtained. 

b-9-1-19—Breeding for improvement in paprika peppers. To de- 
velop well adapted and disease resistant varieties with superior yield- 
ing and fruit qualities including mildness, color intensity, and color 
retention for greater marketability and better returns to growers. 

b-9-1-20—Sumac as a domestic source of tannins. To evaluate var- 
ious species and geographic types of sumac for quality and to deter- 
mine means for improvement of leaf yield and tannin content. 

b-9-1-21—-Cultural, disease, and improvement studies of bella- 
donna, digitalis, psyllium, stramonium, and other drug plants. To 
determine best cultural and disease control practices and improve 
quality and yields by breeding; to establish domestic supplies of im- 
portant botanical drugs; to investigate the effects of drying and cur- 
ing and related factors to the medicinal qualities of their products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Cultural studies on drug and other special crops began in the early 
1900’s and have continued, with emphasis changing as world con- 
ditions demanded. Work with several of the important medicinal 
species, especially belladonna and the volatile oil species, has had in- 
terrupted attention during extended periods. Investigations of new 
vegetable oil crops began in 1918 in connection with the wartime castor 
bean project. At the urgent request of national defense agencies the 
investigations of this crop were actively resumed with the advent of 
World War II, and have continued without interruption. Early in- 
vestigations of the possibilities of safflower for the northern Great 
Plains were the basis for later work with this crop by other agencies, 
followed in recent years by control studies of several serious diseases 
in safflower fields in the Great Plains and Pacifie Coast States. 

In the early 1920’s work on plant insecticides was started, with 
emphasis in 1934 on pyrethrum and the native legume 7'ephrosia 
virginiana. Both of these projects have been actively continued to 
date. Studies on adaptation of the opium poppy as a domestic source 
of morphine, begun at the request of defense agencies and the Bureau 
of Narcotics in 1938, have been in progress since then. Late in the 
1930’s work was started to explore the possibilities of canaigre and 
sumac as domestic tannin crops. This work has continued and was 
recently strengthened with other funds. From time to time research 
was conducted on commercial mints with emphasis in recent years on 
control of diseases, particularly Verticillium wilt, and breeding of 
resistant strains. Some work was done in the 1920’s with red squill 
as a raticide. Very limited cultural tests were made and laboratory 
studies furnished information on the effect of drying methods on the 
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potency of bulbs. Early in the 1940’s, in cooperation with the Fish 
and Wildlife Service, Department of the Interior, a breeding program 
and propagation studies on red squill were started that continue to 
date. 


D. FUNDS—ANNUAL EXPENDITURES 


Annual expenditures from 1903 to 1929 ranged from about $6,700 
to $34,725. roan 1930 to 1941, the annual expenditures ranged from 
$32,500 to $34,500. In 1942, due to increased need for domestic sources 
of the products of various drug and special plants, especially for 
belladonna, morphine, and castor oil, appropriations were increased 
to $51,900. Since that time the annual allotments ranged from about 
$59,000 to $73,980 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Improvement of belladonna and its contribution to emergency pro- 
duction during the war.—Ear] selection of strains of belladonna of 
high alkaloid content, the maintenance of seed stocks and their in- 
crease at the critical time made possible the growing of sufficient 
acreage of this plant during World War II to produce an adequate 
supply of this important drug previously ata iaod from Europe. The 


seed and information on culture and handling were furnished to grow- 
ers in localities selected by Department specialists on the basis of 
adaptation studies made previously. 

Castor beans as a domestic crop for a source of castor oil for many 
important technical uses.—The selection of a number of more desirable 
types and strains of the castor bean plant adapted to the specific 


regions and to mechanical harvesting and the location of suitable 
areas of production through the wide regional trials in cooperation 
with experiment stations and private interests led to starting castor 
beans as a crop and increased the possibilities of this crop in certain 
sections where it could replace cotton or corn. Between 10,000 and 
15,000 acres of castor beans were grown in 1950. 

Determination of the regions of adaptation of pyrethrum and meth- 
ods of handling this insecticide crop to increase its possibilities of suc- 
cess if its culture becomes necessary—The need for excessive hand 
labor for harvesting the flowers was greatly reduced by designing a 
machine for this purpose. The grower is also helped by the discovery 
that the flowers retain their insecticidal value under a much wider 
range of drying and handling conditions than has been generally 
believed permissible. 

Rotenone bearing plants of the native legume Tephrosia virginiana 
have been selected fora ere insecticide crop on the less productive 
soils in the region extending from North Carolina to T exas.—Through 
an extensive survey strains of the wild plants containing considerable 
rotenone were collected as foundation breeding stock. Preliminary 
agronomic and chemical studies showed that the capacity of the plant 
to produce rotenone is a genetic character that appears to be retained 
under various environments. A substantial population of strains has 
been developed, averaging 4 to 5 percent rotenone. 

Investigations of canaigre and sumac as tannin crops have furnished 
basic stocks and information on these species——The quality of native 
canaigre (Rumex hymenosepalus) in its range in the Southwest has 
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been determined and foundation stock with 25 to 30 percent tannin in 
the roots secured for a breeding program. The preliminary selection 
of stock and adaptation studies have provided a basis for a much 
enlarged investigation undertaken with special funds. Similarly 
several strains of the native dwarf sumac with a leaf tannin content 
of up to 40 percent have been selected. An extensive survey of native 
eastern sumacs, their tanning values, distribution and abundance 
(with BAIC and SCS) will serve as a guide to the utilization of these 
resources in an emergency. 

Red squill, the important raticide, was demonstrated to be well 
adapted to the southern California coastal region and propagation 
studies have shown that propagation by seed is a more practical and 
a faster means of establishing this crop than bulb divisions —Strain 
improvement through selection for greater potency has shown prom- 
ise, as results of tests with rats have indicated progressive increases 
in toxicity. 

Miscellaneous examples—In a search for nonpoisonous plant in- 
secticides many native species and a large number of tropical species 
have been examined for insecticidal value in cooperation with other 
Department agencies. Extensive regional trials with Japanese mint 
as a domestic source of menthol (for merly a Japanese monopoly) 
demonstrated that this crop is well suited to locations in California. 
A species of basil that can be grown like mint was shown to be a prac- 
tical domestic source of camphor if new or additional sources of this 
commodity become necessary. At the request of the Bureau of Nar- 
cotics and national defense agencies information on suitable varieties 
of poppies, best regions of adaptation, cultural methods, and a system 
of harvest were determined for providing a source of morphine. 
(Findings confidential at request of Bureau of Narcotics.) 


F. SOME ADDITIONAL WORK NEEDED 


Improvements through selection and breeding of varieties of known 
performance and information on methods of production and areas of 
adaptability are needed on more than 100 different plants for drugs, 
insecticides, flavors, oils, and other specific uses—Normally such ma- 

terials are now supplied i in large part from foreign sources. A shift 
should be made to place such research on a continuous and permanent 
basis rather than in its present emergency status to meet increased 
demands for seed and information resulting when these products are 
in short supply because of war or other world conditions. Such a pro- 
gram would permit maintenance of seed stocks of improved varieties 
for rapid establishment of production when needed. 

Intensive agronomic studies, breeding, selection, and improvement 
of plant type are needed for oil seed crops for food, protective coating, 
and industrial uses; tannin bearing crops for the production of vitally 
needed tannin; and new crops for production of insecticidal materials 
where these crops give promise of large acreage utilization. Such 
crops cannot meet the competition of long-established crops that have 
generations of selection and breeding behind them until research has 
established a sound base of technical information on their production. 

Research on plant diseases of new crops is urgently needed.—Plant 
diseases are becoming increasingly serious as the acreage of new crops 
expands with development of commercial production. Root rot com- 
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pletely destroyed several hundred acres of safflower, a new crop in 
southern California, in the spring of 1950. Leaf and stem diseases of 
this new crop in parts of the Great Plains area made production un- 
profitable and often impossible. Diseases are proving to be a definite 
hazard in the introduction of sesame production in the South. Wilt 
in mint has resulted in less profitable production in some areas and 
abandonment of the crop in others. Sustained production of these 
new oil seed and special crops will depend largely on the solution of 
these problems, including the development of 1 Senter th on causes 
of the diseases and their control by the breeding of resistant varieties 
or by devising effective cultural or fungicidal methods. 


SURVEILLANCE RESEARCH ON THE STORAGE OF STRATEGIC Orms 
(BAIC—g-6—0—Federal—Special funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To plan, establish, and supervise sampling procedures and analyti- 
cal methods for stockpiled oils. Current work is designed to maintain 
surveillance research over stored strategic oils, to make recommenda- 
tions regarding rotation from or retention in storage, and to formu- 
late a technologically sound oil-storage policy. 


B. CURRENTLY ACTIVE LINE PROJECTS 


g—6—0-1—Surveillance research on stockpiled sperm oil. To sample, 
analyze, and evaluate stockpiled sperm oil in order to determine if it 
should be retained in storage. 

g—6—0-2—-Surveillance research on stockpiled castor oil. To sample, 
analyze, and evaluate stockpiled caster oil in order to determine if 
it should be retained in storage. 

g-6—-0-3—Surveillance research on stockpiled palm and coconut oils. 
To sample, analyze, and evaluate stockpiled palm and coconut oils 
in order to determine if they should be retained in storage. 


C. HISTORY AND EVALUATION OF THIS WORK 


The policy of stockpiling strategic oils during World War IT merely 
involved rotation of stocks. This experience cannot be used as a guide 
for indefinite storage as envisioned by Public Law 520, Seventy-ninth 
Congress, 1946. The principal refiners of strategic oils have conceded 
that there is not enough information in the technical literature on 
oils to serve as a satisfactory basis for an oil-storage program. There 
is a strong belief, however, that oils of good quanity, having low mois- 

] 


ture, fatty acids, and sediment contents can probably be kept in stor- 
age indefinitely, with the reasonable expectation that they will be 
suitable for the strategic industrial applications for which they were 
purchased. The need for surveillance research to confirm this belief 
resulted in this work being started in fiscal year 1950. 
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D. FUNDS—-ANNUAL EXPENDITURES 


This work was initiated in 1950 with an appropriation of $16,500 
made directly to the Bureau. However, the continuation of this 
research will depend on allotments from the Federal Supply Service, 
which has custodial responsibilities for stockpiled oils. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The available analytical data—some representing oil in storage for 
almost 2 years—suggest strongly that certain strategic oils stored in 
suitable tanks will remain in good condition for 5 years. These ob- 
servations constitute the basis for the construction of tank farms, 
which will permit an accelerated rate of acquisition of these oils for 
stockpiling. The consulting service rendered by the Bureau to the 
Federal Supply Service through the operation of an advisory com- 
mittee makes available the total combined experience of the Bureau 
in oil chemistry and technology. Considering the investment of the 
Government in its st rategic-oil stockpile, the support of surveillance 
research should prove to be a good investment. 


F, SOME ADDITIONAL WORK NEEDED 


Similar work on other oils and continued surveillance on oils already 
studied is needed to insure the soundess of the program and the avail 
ability of usable stockpiled oils in the event of a major emergency. 
Current surveillance research is being carried out by personnel having 
other responsibilities. Additional personnel is required for sampling 
activities which involve travel, compilation of research data, and 
preparation of reports. 


Hor Propuction AND Disease INVESTIGATIONS 
(BPISAE—»b-10-1—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop more satisfactory cultural, harvesting, curing, and han- 
dling practices and improve varieties of hops specifically adapted to 
areas of production, with particular attention to disease control and 
quality. The current work is particularly concerned with the de- 
velopment of varieties of high quality with disease resistance to downy 
mildew and specifically adapted to regions with diverse conditions 
under which hops are grown in California, Oregon, and Washington. 
Work of more fundamental nature is being conducted on: (1) The 
cause and control of hop diseases; (2) agronomic studies for cultural 
practices and crop handling; (3) chemical investigations relative to 
the evaluation of hops; and (4) the development of field and labora- 
tory techniques relative to agronomic studies, breeding, disease sus- 
ceptibility, and chemical investigations as basic information which 
will contribute to the development of practical methods to improve 
hop production, 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-10-14—Hop breeding for improvement in disease resistance, 
quality, and yielding ability. To develop varieties or strains pos- 
sessing disease resistance, in particular to downy mildew, with im- 
proved quality and yielding ability acceptable to both the grower and 
the processing user. 

b-10-1-7—The development and improvement of dust and spray 
schedules for hop disease control. To develop improved practical 
disease control programs for the widely different hop-growing areas 
with emphasis on control of downy mildew. 

b-10-1-8—The development of field and laboratory techniques rela- 
tive to breeding and agronomic investigations on hops. To develop 
field and laboratory techniques that are necessary to breeding and 
agronomic investigations on hops involving naealied pollination pro- 
cedure, seed germination, procedures for determining degrees of 
resistance to disease, field plot techniques, chemical stimulation of 
genetic changes, and other breeding techniques as are required for 
the perennial hop plant which has male and female organs on different 
dlants. 
; b-10-1-9—Agronomic investigations relative to increasing and 
maintaining yield in hops. To determine the nutritional requirements 
influencing yield and quality of hops as related to fertilizers, cultural 
practices, and crop handling for most efficient and economical produc- 
tion in the several hop-producing areas. 

b-10-1-10—Chemical investigations relative to the evaluation of 
hops. To develop precise, practical, and accurate methods for de- 
termining the true use values of hops as related to their quality and 
the factors influencing the quality. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Some work on quality improvement of hops through studies on 
curing, picking, sulfuring, and chemical analysis was initiated about 
1904. Some 5 years later selection work for more vigorous plants and 
work for crop improvement was undertaken. This work was brought 
to completion in about 1914 and no further work was done until 1927 
when some research was conducted on the utilization of hop oil from 
the harvest waste. Downy mildew of hops appeared in the Pacific 
coast area for the first time in 1930 and reached epidemic proportions 
throughout the more moist regions the following year when an 
emergency project was organized to develop control measures. In- 
tensive studies were made to develop dusting and spraying programs 
to control the disease and work out other field practices to check the 
enormous losses from downy mildew. Following the initial develop- 
ment of control systems, work of a more fundamental nature was 
started to obtain disease-resistant stock and determine the funda- 
mental behavior of the disease-causing organism, as an approach to 
developing more adequate control measures. Foreign variety intro- 
ductions, selection for disease resistance, and quality improvement 
were emphasized. Development of new lines for disease resistance 
met with little success because of lack of fundamental information on 
selection for resistance and breeding techniques that could be applied 
to the particular genetic constitution of the hop plant. Sufficient de- 
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velopment in this line of research was attained in 1948, making it 
possible to redirect an improvement program to develop superior 
disease-resistant strains of hops. 


D. FUNDS--ANNUAL EXPENDITURES 


For the 10-year period beginning in 1904 about $1,500 annually 
was spent. Only incidental resear ch was carried on after 1914 until 
the serious outbreak of downy mildew disease in the hop-growing 
regions of the Pacific Northwest in 1930. Special funds in the amount 
of $4,100 were made available late in 1931, and a special appropria- 
tion of $16,000 in 1932, to equip for a program to develop misthous on 
disease control. For the next 10 years an average of $10,000 per year 
was spent on the program. An expanded program on disease control 
through development of resistant varieties was initiated in 1949 
with an allotment of $32,090. The allotment in 1950 was $29,020, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Occurrence of arsenic in hop beverages in England and United 
States traced to impure sulfur used in sulfuring, hops—This long- 
standing trouble plagued hop users in both America and Europe. 
Systematic soil treatments with arsenic and critical analysis of the 
hops demonstrated that arsenic did not come to the hops ‘by way of 
the soil. The source of the contamination was traced to impurities in 
the sulfur used in curing hops, and corrective measures are now estab- 
lished in the hop industry through avoiding sulfuring in curing pro- 
cedures or use of uncontaminated sulfur. 

Introduction of European and Asiatic hops of all varieties for test- 
ing for quality, production, and disease resistance.—Contrary to pop- 
ular opinion of hop users commonly trained and experienced in Euro- 
pean schools, all of the foreign introductions proved inferior to the 
best selections of American varieties, which now produce all but a 
fraction of our hops in this country. Extensive introductions of 
many varieties were made from England, continental Europe, and 
Russia and tested in this country. The introduced varieties are now 
proving their worth as breeding stock, but not for cultivation as such. 

Downy mildew disease control saved the industry.—Extensive tests 
in the development of sprays, dusts, crown treatments, and field prac- 
tices for control of downy mildew disease have resulted in control 
measures that make possible the production of hops during seasons 
of heavy infestation when otherwise the entire crop would be lost. 
Hop production in more moist areas is now maintained only through 
rigorous following of the control schedules developed through this 
program since the downy mildew disease reached epidemic propor- 
tions in the early 1930's. 

Quality of hops related to production and handling practices.—The 
constant improvement in the quality of United States hops is traceable 
to a series of studies relating to quality. The high percentage of soft 
resins was associated with higher quality in contrast to a high con- 
tent of water-insoluble hard resins. Early picking was shown to re- 
duce the resin quality, while hops at full maturity contained the de- 
sirable soft resins. A high percentage of seeds and leaf content in the 
hop cones was shown to reduce the desirable qualities. Sulfuring as a 
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curing practice depreciates the desirable resin content. Excessive pres- 
sure in the baling of hops was shown to reduce quality through the 
rupturing of the Fepelie glands. Drying at temperatures above 110° 
F. was shown to cause a deterioration in the soft resin content. Stor- 
age under refrigeration was shown to be highly effective in maintain- 
ing the desired soft resins. The association of these factors with 

uality has become the guide to practices for production and han- 
dling of hops. 

Basic information established for obtaining improved varieties.— 
Development over the last several years of techniques for evaluating 
and proving degrees of disease resistance, cross-pollinating plants, 
germinating seed, growing seedlings to early performance, and evalu- 
ating the male plants for breeding performance has been a slow process 
because of the slow growth of this perennial plant. Through the last 
10 years, however, many of these problems have been solved and the 
basic information needed for obtaining new lines has been established. 


F. SOME ADDITIONAL WORK NEEDED 


Improved varieties with both disease resistance and high quality 
are needed.—The future competitive position of domestic hops in the 
more moist areas of production is contingent upon economical produc- 
tion. One of the most important factors in cutting production costs is 
improvement in varieties to reduce losses from diseases and to improve 
the quality of the crop. 

A nutritional and pathological approach to production decline in 
new areas is needed to the end that hop production can be maintained 
on an economical basis. Yields under irrigation in new areas into 
which hop production has expanded have been high but are now 
declining. Observations by experienced ‘hop research men have not 
yet revealed causal relationships or controls. 


INTRODUCTION AND EVALUATION OF SpectaLry Crops 
(BPISAE—b-11-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) introduce ornamentals, drug plants, oil plants, and other 
specialty crop plants from all parts of the world as potential new 
crops for American agriculture and as a source of germ plasm for 
improving present specialty crops; (2) process all such introductions 
through sanitary inspection and quarantine; and keep permanent in- 
ventory records; (3) evaluate specialty crop introductions maintained 
under observation at the Federal plant introduction gardens or ar- 
range for their preliminary testing with Federal and State crop spe- 
cialists; (4) investigate all problems connected with new ornamentals, 
drug plants, oil plants, and other special economic plants which show 
promise as new crops for the United States. The work involves field 
exploration and correspondence with all parts of the world in- ar- 
rangements of imports and exports of living plant material, together 
with the consequent coordination of testing and placement throughout 
the United States and its possessions. This project is closely related to 
projects RM: b-11-—1 and b-11-2, chapter 38, which also cover certain 
phases of plant introduction work for all crop categories. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-11-3-1—F reign placement of experimental stocks of specialty 
crops. Tosupply foreign agricultural experiment stations with expe- 
rimental quantities of budwood and seed of ornamentals, drug plants, 
oil plants, and other specialty crop plants from germ-plasm collections 
in the United States. ‘This covers a phase of plant introduction which 
brings to us valuable stocks in international exchange. 

b-11-3-2—The introduction, sanitary inspection, and inventory of 
specialty crops. To introduce living material of specialty crops and 
their wild relatives from all parts of the world by exploration, ex- 
change, or purchase; to process all introductions through sanitary 
inspection and quarantine if necessary; and keep permanent inventory 
records. 

b-11-3-3—Preliminary evaluation, maintenance, and placement of 
specialty crops. To test specialty crops so as to determine their poten- 
tialities either directly as crops or as parents for breeding programs; 
to maintain the valuable kinds in collections for future use; and to 
make available to experiment stations, institutions, and nurseries 
selected introductions for further test or distribution to the public. 

B-11-3-4— Introduction, preliminary evaluation, and maintenance 
of plant materials which may be potentially value as sources for the 
drug cortisone. The general use of this valuable drug at prices within 
the means of most people cannot be obtained until a plant source can 
be found from which to produce it. This project covers the plant 
introduction phases of a special cooperative program which includes 
the United States Public Health Service and the Bureau of Agri- 
cultural and Industrial Chemistry in this Department. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The introduction of plant materials from foreign countries was 
probably one of the first agricultural activities of the Federal Govern- 
ment. As early as 1819 a circular from the Secretary of the Treasury 
went to all representatives of the consular service, urging the sending 
home of important plant materials discovered in foreign countries. 
In 1839 an appropriation of $1,000 was granted by Congress initiating 
work on the collection and dissemination of agricultural seeds and 
plants then carried out by the Commissioner of Patents. Much that 
was introduced in those early days received inadequate trials in areas 
poorly adapted to their development. In order to go about the intel- 
ligent introduction of foreign plant materials and give them appro- 
priate tests, a unit was established in the Department of Agriculture 
in 1898 which marks the beginning of this work project. In 1904 
olant introduction gardens were first established to test the materials 

rought in. Although seven of these were once in operation, four such 
Federal stations remain today in California, Florida, Georgia, and 
Maryland, where at any one time may be found about 25,000 introduc- 
tions under test and propagation. For many years material was 
widely distributed to cooperators under an experimenter’s service, the 
introductions furnished gratis and reports expected on their behavior. 
It was found that private growers contributed very little either in the 
way of reports or in the establishment of new material, and the list in 
later years was greatly curtailed, coming to a complete stop in World 
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War Il. The placement of new introductions is now carried out with 
experiment stations, a few responsible nurserymen, and specialists 
from whom reports on tests may reasonably be expected. Since 1898 
about 190,000 introductions have been brought in of all types of crop 
material and of these about 30,000 were specialty crop introductions. 
Although entirely new potential crops are now rarely discovered, the 
need for breeding material to keep our stocks increasingly healthy and 
productive remains great. 


D. FUNDS-—-ANNUAL EXPENDITURES 


From 1898 to 1920 annual costs ranged from $5,000 to a high of 
$23,000, although the average was about $10,000 a year. Between 
1920 and 1930 the project took on the basic introduction phase of rub- 
ber plant investigations and costs rose to $45,000 a year. From 1930 
to 1941, annual expenditures rose to $80,000 a year, at which time rub- 
ber became important enough to be handled under separate work 
projects elsewhere in the Bureau, this work being replaced by quinine 
and insecticide research with annual costs somewhat reduced to $65,- 
000. Special work with the drug cortisone has raised the present 
year’s budget to about $120,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Sugar.—The importance to the sugar industries of plant explora- 
tion and introduction would be difficult to exaggerate. The complete 
reconstitution of the sugarcane industries of western Puerto Rico 
and Louisiana by means of disease-resisting varieties imported, or bred 
from imported varieties, by the Department of Agriculture following 
an epidemic of mosaic, a virus disease, could not have been accom- 
plished without careful study and search for immune plants outside 
of continental United States. Sugarcane has been continually grown 
in the Southern States for more than 150 years. The industry was 
confronted with its greatest crisis in the period 1919-26, due to an out- 
break of mosaic. Yields of cane droneed|dienphy and, toward the end 
of the period when the disease became widespread, the State averages 
were only 6 or 7 tons per acre compared with normal yields of 15 tons 
or more. Banks refused to finance operations, and the opinion that 
the industry was doomed became prevalent. Direct methods of con- 
trol of this disease failed and a world-wide search for resistant 
varieties was instituted. The first varieties of satisfactory quality 
adapted to the conditions in the South were brought from Java. 
Later explorations and collections from Formosa, the Philippines, 
India, New Guinea, Central Asia, New Caledonia, Hawaii, Fiji, New 
Hebrides, Society Islands, and other islands of the Pacific resulted in 
establishing parent varieties in the United States from which have 
been developed commercial varieties superior to the varieties imported 
from Java. The result of this project in plant exploration and intro- 
duction has been the revival of a doomed industry in which invest- 
ments of over $100,000,000 in Louisiana alone, comprising mills and 
transportation and special equipment which could not have been 
diverted to other uses, would have been a complete loss. The revival 
attributable to this research has brought the iicbestry back to a produc- 
tion of approximately one-half million tons of sugar per year after it 
had dropped to a production of 46,000 tons per year. 
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Tung oil_—Tung oil, obtained from seeds of the tung tree, Alewrites 
fordii, of central China, used by the Chinese for many centuries for 
waterproofing purposes, has become of major importance in the paint, 
varnish, and other chemical industries in the United States. ‘Tung 
oil is indispensable in the production of the present high-grade Ameri- 
can paints and varnishes and of linoleum, as well as for many other 
purposes. The first successful introduction of seed for propagation 
was made in 1905. During the succeeding 10 years, tens of thousands 
of plants grown from this and later introductions of seed were grown 
and placed with State experiment stations and numerous private 
experimenters for the purpose of determining the possible range of 
cultivation. The tree was found to be fairly well adapted for culture 
in the milder parts of the Gulf region, and several thousand acres of 
trees are now growing and in bearing. These plantings produced 
about one-fourth of the Nation’s tung-oil needs in 1949. The value 
of this development is becoming increasingly important in the light of 
political conditions in China, our primary source of tung oil. 

Tobacco.—The disease problems related to commercial production 
of tobacco did not reach so serious a degree that exploration for wild 
types and foreign strains was needed until 1936. From that year on, 
special efforts have been made to keep a continuous stream of new 
types coming into the country. Results indicate that resistance to 
blue mold in tobacco is possible, due to a cross made between a wild 
species introduced from Australia and a cuitivated strain. 

The best tobacco lines for resistance to fusarium wilt have been 
derived by crossing and back-crossing a resistant strain, introduced 
from Puerto Rico, to flue-cured domestic lines. 

Propagation of ornamentals.—One of the more serious problems 
that has faced the commercial nurserymen and florists in the past 
decade has been the excessive costs of greenhouse manpower in rela- 
tion to current prices for ornamental material. Research on better 
propagation methods resulted in a technique whereby sphagnum moss 
rather than soil is used as a medium both for the germination of seed 
and for the growing of seedlings. Using this medium, manpower in 
the greenhouse for watering and other purposes has been cut 50 per- 
cent. Savings on seed germination, because of previous losses by 
damping-off, have been excellent, and savings in propagation, because 
the roots need not be disturbed when grown in this medium, have 
also been excellent. Many of the larger nurserymen have now adopted 
this method for the propagation of materials, and a conserva- 
tive estimate per year in the savings, using this technique, would be 
$50,000,000. 

Research, involving the use of different. colored light for the ger- 
mination and growing of seedlings, has demonstrated that under lights 
of specific wave length germination of seed and the growing of seed- 
lings is far better than daylight. This also has led to a further 
development in the use of propagation chambers where no daylight at 
all is necessary for plant propagation, and in some phases of floral 
industry this has been largely adopted at a great saving in greenhouse 
space. 

Ornamental bulb industry—Up to only a few decades ago, prac- 
tically all the ornamental bulbs, such as narcissus, lilies, hyacinth, etc., 
were imported from Europe and other parts of the world for cultiva- 
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tion in this country. Due to the early work in this project, mostly at 
Bellingham, Wash., introduction station, the basis for a domestic bulb 
industry in this country was started which has since developed into an 
industry worth millions of dollars per year. 

Glenn Dale hybrid azaleas —The handsome, large-flowered azaleas, 
found throughout our southeastern States, have all been too tender 
for successful cultivation in the northern part of the United States. 
About 20 years ago work under this project was begun to introduce 
breeding stock from Asia and develop a line of azaleas as good, if not 
better than, those found in our Southern States that would withstand 
the cold of the central-eastern States. This work has been successful 
beyond any expectations when begun and has resulted in the placement 
with commercial nurserymen of a series of several hundred excellent 
new varieties, in new color and shape of flower, perfectly adapted from 
the Carolinas north to Philadelphia and westward to Ohio. The first 
distributions of these azaleas were made in 1940, but the larger series 
has only been distributed in the past 3 years. Already they are the 
basis of a very sizable industry with demands far exceeding the 
facilities for production at the present time. 

Successful placement of quinine in the Western Hemisphere.—Dur- 
ing the past war 4,000,000 seedling trees of the highest quality cin- 
chona, introduced from the Philippines and originally from Java, 
were py pe eel at the Glenn Dale, Md., introduction station over a 
period of 4 years. These were sent to various Latin-American coun- 
tries for plantation planting. Plantations are now established in 
Brazil, Guatemala, Ecuador, and Peru, where research is continuing 
to make this crop successful in competition with the Asiatic planta- 
tions where up until this time there has been a complete monopoly. 


F. SOME ADDITIONAL WORK NEEDED 


Paper from bamboo.—During the past 25 years a continuing pro- 
gram on the introduction and testing of bamboos has been carried out 
to discover which of the bamboos would be successful in this country 
and what uses could be made from those that grew well. In the course 
of these investigations, it has been discovered that the giant timber 
bamboos from eastern Asia will grow well over a large area of the 
southeastern United States, and also that very excellent kraft paper 
can be made from bamboo pulp, that is, perhaps, even stronger than 
any of the kraft papers now available. For the next few years the 
agronomic and economic aspects of using bamboo on a large scale for 
the production of paper pulp should be undertaken to discover whether 
it _ compete favorably with other cellulose materials now being 
used. 

Vegetable oils.—There is a large series of oil-producing plants in 
the world, especially in Africa and Asia, which have not yet been 
examined in relation to the United States. This is a plant introduc- 
tion problem for the future. 

Fibers.—Jute is a critical material for the United States because of 
its use in making burlap for gunny sacks and other transportation 
items. At present most of our supplies of fiber of this type come from 
southern Asia and it is imperative that we do everything we can to 
stimulate the production of jutelike fibers closer to home to assure 
ourselves of a supply at all times. 
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One of the most. promising fibers being examined is kenaf, a species 
of hibiscus being introduced in strains and varieties from Asia for 
testing in the Western Hemisphere. Most of the testing work is being 
done outside the United States, but we have reason to believe that 
among the strains introduced are types sufficiently hardy to grow as a 
crop in the United States, and trials should be made over wide areas in 
the next few years. 


Prop_eMs OF ORGANIZATION AND OPERATION OF Farms (SPECIALTY 
Crops) 


(BAE—A-~1-20—Federal-State—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and in 
Chapter 24: Economics of Production) 


A. PURPOSE AND NATURE OF CURRENT WORK 






To ascertain the production practices, labor, and power require- 
ments used in producing major specialty crops as a basis for evaluating 
the place of such crops in the farming systems of the area. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A-1-20-46—Production of specialty crops in southwestern Idaho. 





©. HISTORY AND EVOLUTION OF THIS WORK 
(See Chapter 24: Economics of Production.) 
D. FUNDS—ANNUAL EXPENDITURES 
(See Chapter 24: Economics of Production.) 


E. EXAMPLES OF ACCOMPLISHMENTS 





Hybrid sweet corn seed, five vegetable seed crops, peas and corn 
for processing, and fresh lettuce are included in this study. Basic 
economic data on production practices, labor, and power requirements 
used in producing these major specialty crops are being brought to- 
gether for the first time as a basis for evaluating the place of such 
crops in the farming systems of the area. 


F. SOME ADDITIONAL WORK NEEDED 


(See Chapter 24: Economics of Production.) 
STANDARDIZATION RESEARCH ON Speciatty Crops 
(PMA-OES—RM-c—465—F ederal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine which of the practical physical tests that can be 
readily applied to hops in routine inspection are actually useful 


measures of the potential brewing quality of the hops as judged by 
chemical analysis. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM-c-465-1, ES—120—Analysis of hop samples for factors that may 
be useful in the inspection and grading of hops. To analyze samples 
of hops for the percentage of seed, leaf and stems, cone stems, damaged 
cones, and whole cones; to rate the samples for general appearance, 
amount of lupulin, and color and condition of lupulin; and to make 
chemical analyses for alpha resins, beta resins, and moisture content 
of the broken cones, whole cones, and the samples as a whole. 

RM-c—-465-2—Standardization research on hops. Based on the 
analyses to be made under line project 1, ES—120, to determine rela- 
tionship that exists between the various physical and chemical factors ; 
which factors of hop quality can be measured accurately; which fac- 
tors can be determined quickly enough to be feasible from a grading 
standpoint; and how satisfactorily a set of grades can measure hop 
quality. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work under this project was initiated during the fiscal year 1950. 
Hop-evaluation research has been conducted by Oregon State Agricul- 
tural Experiment Station for several years. The work under this 
project has been conducted cooperatively with that station through 
funds contributed by a trade group and matched by the office of 
experiment stations. 


D. FUNDS—-ANNUAL EXPENDITURE 


Federal expenditures for this work have been as follows: 
Year 1950: 





I act eens ies pe ges ican NL deca hci anes oem reer $5, 000 
tdi pecan nahi tainty tiger amet ietilliet bai tpevetnta hatte 6, 000 
MONE eth ei nas nes hegre bei de gathedane htt tot one beh 11, 000 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Of the 1949 hop crop, 541 samples were analyzed for the factors 
listed under item B. Statistical analyses of the data obtained have 
been made. These analyses show a significant relationship between 
the percentage of whole cones, on the one hand, and the percentage of 
alpha resins, beta resins, and the brewing quality of the hops on the 
other hand. Likewise, the whole cones showed significantly higher 
contents of alpha and beta resins than the broken cones and appeared 
also to contain soft resins of better quality for brewing than the broken 
cones. The rating of the lupulin content of the hops appeared to be 
an index of the alpha resin content which is an indication of the brew- 
ing quality of the hops. 


F. SOME ADDITIONAL WORK NEEDED 


Since the work done represents the crop of only 1 year, it would be 
desirable to pursue the same study for at least another year. A simple, 
practical, objective test for the lwpulin content and possibly also for 
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the soft resin content of hops should be developed. Further work 
should be done on methods of determining moisture content in hops. 
Such information, tests, and methods will be needed for developing 
suitable grades and standards for hops. 


DEVELOPMENT AND INTRODUCTION OF Domestic TANNIN Crops 


(BPISAE—g—4-1—F ederal-State—Strategie and Critical 
Agricultural Materials Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To accelerate the development of new domestic sources of vegetable 
tannin to meet a critical need for this strategic item by increasing suit- 
able root and seed stocks of canaigre and sumac for field plantings in 
regions where the plants have been found to be adapted to soil, climate, 
and farm economy. Field plantings of canaigre ranging in size from 
2 to 5 acres have been established at various locations in Arizona, New 
Mexico, and Texas for determining and demonstrating management 
practices for growing the plant as a field crop. The plantings will 
also be used to provide roots for the improvement of tannin extracting 
methods and for pilot plant and commercial scale testing of the prod- 
uct for heavy leather tanning. As improved strains are developed, 
seed stocks will be increased as may be required for introduction and 
expansion of acreage in new areas under normal or emergency con- 
ditions. Increased plantings of sumac have been made at Beltsville 
to determine and prove the most practical and economical methods for 
establishing plantings on farms. As the stock increases, plantings 
will be tanned to new areas. 










B. 





CURRENTLY ACTIVE LINE PROJECTS 


g—4-1-1—Develop and increase suitable root and seed stocks of 
vanaigre for a field crop. To develop and increase suitable root and 
seed stocks of canaigre for specific localities and maintain seed sup- 
plies for expansion of acreage when and if needed. 

g—4-1-2— Determine and demonstrate agronomic management prac- 
tices for growing canaigre as a field crop in specific localities. To de- 
termine the agronomic requirements of canaigre as a tannin root crop 
under various conditions of climate and soil, demonstrate the propaga- 
tion, cultivation, and harvesting of the crop in specific localities, and 
acquaint farmers with its management and its general possibilities as 
a crop. 

g—4-1-3—Develop methods for and increase superior strains of 
sumac for regional field plantings. To increase the stock of available 
superior strains of sumac for regional field plantings and develop 


practical methods of propagation for establishing sumac as a tannin 
crop on the farm. 


C. HISTORY AND EVOLUTION OF THIS WORK 





In 1949, the Munitions Board advised that positive action was 
needed to insure an adequate supply of vegetable tanning materials 
in the event of any future emergency. Previous exploratory studies 
by the Department, in progress since the late 1930’s, had demonstrated 
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the crop possibilities of canaigre and sumac, and planting stock had 
been assembled for field trials in areas where earlier tests had shown 
them to be adapted. After this project was authorized in 1949, a field 
planting of sumac was established at Beltsville, Md., for development 
of practical procedures for farm handling of this crop. Plantings 
of canaigre were established in Arizona, New Mexico, and Texas for 
the purpose of testing and demonstrating the agronomic management 
of the crop in several localities, producing a large tonnage of roots for 
pilot-plant extraction, and accumulating sufficient seed or other plant- 
ing stock to serve as a stockpile reserve. 


D. FUNDS—-AN NUAL EXPENDITURES 


Funds amounting to $40,800 were first made available in 1950 from 
the appropriation for research on strategic and critical agricultural 
materials. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


After this project was authorized in July 1949, specific locations for 
plantings were selected-on the basis of a rather extensive and rapid 
review of available information. <A total of 19 acres of canaigre was 

lanted at 6 locations in Arizona, New Mexico, and Texas, between 
eotmaber and December 1949. Much basic agronomic information 
has been developed from the first season’s plantings of 2 to 5 acres 
each to serve as a guide for establishing further plantings, to provide 
a larger plant-stock reserve, and for a study of crop handling in the 
several areas. 
F. SOME ADDITIONAL WORK NEEDED 


Development of crop-management practices for canaigre in the 
various potential areas of production will involve a program of work 
extending over a number of seasons. Several successive crops must 
be grown in each area to obtain definite information on planting time, 
cultivation, fertilizer needs, irrigation management, disease and insect 
control, harvesting methods, cost of production, and the place of 
canaigre in the crop-rotation system of the area. New and improved 
strains of canaigre will need to be developed for best performance in 
specific locations, with particular reference to disease resistance, yield, 
and quality. The canaigre root yields from 20 to 35 percent tannin 
along with an even greater percentage of starch and sugars. Much 
work will need to be done on farm handling, storage, and preparation 
for market. 


INVESTIGATIONS OF Basic Prorerties AND Funcrions or TANNINS AND 
DEVELOPMENT OF New TANNING MATERIALS 


(BAIC and BPISAE—RM: a 129—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new domestic supplies of tannins from roots, leaves, 
barks, fruits, and woods and thereby reduce this country’s major de- 
pendence upon foreign tannins for making leather. The current work 
is concerned particularly with the development of high-tannin strains 
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of sumac and canaigre by selection, the economical production of 
these plants as crops, the development of efficient low-cost processing 
methods for commercial extraction, the production of high-grade 
tanning extracts, and the demonstration of successful industrial use 
of these extracts in making leather. A further purpose of the work 
is to develop improved tanning processes through chemical and physi- 
cal studies of the molecular structure and properties of tannins and 
the mechanism of the tanning reaction, with a view to better utiliza- 
tion of vegetable tannins and a resulting improvement in leather 
quality. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a—129-1—Improve strains and develop information on grow- 
ing and utilizing canaigre for a tannin rte 3 To improve strains of 
canaigre for use as a crop plant and to develop fundamental informa- 
tion on propagation, growing, cropping systems, cultivation, and har- 
vesting of canaigre roots for a tannin crop. 

RM: a-129-2—Improve strains of sumac and develop information 
on growing and utilizing sumac leaves for a tannin crop. To improve 
the more promising species of sumac, especially Rhus copallina (dwarf 
sumac), with respect to tannin content, leaf yield, and suitability for 
cultivation by practical farm methods, ot to develop agronomic 
information on propagation, cultivation, harvesting, curing, and pro- 
duction costs of sumac as a tannin crop. ‘ 

*Development of canaigre as a commercial source of tannin. To 
develop efficient methods for laboratory-scale processing of canaigre 
roots to yield high-quality tanning extracts by shredding, drying, ex- 
tracting, fermenting, and concentrating extracted liquors to dry ex- 
tracts and by demonstrating their suitability for tanning heavy leath- 
ers in laboratory and commercial tanning tests; to develop valuable 
byproducts from starch, sugar, and ‘other components of canaigre 
roots. 

RM: a-129-4—Basic investigations of the natural tannins, their 
modification and use in tanning. To obtain fundamental knowledge 
on the chemical constitution and properties of natural tannins; to 
modify and improve natural tannins, develop new synthetic tanning 
materials, study the mechanism of tanning, and develop improved 
tanning methods for production of more serviceable leathers. 

RM: a—129-5—Chemical engineering investigations on pilot-plant 
evaluation of methods of producing tannin from canaigre. To develop 


an economical process for obtaining high-quality tanning extracts 
from canaigre roots. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Department’s early studies on vegetable tannins, reported 
under regular-fund projects, indicated that canaigre roots and sumac 
leaves held promise for domestic development. The increasing de- 
pendence upon foreign tannins, required for making vegetable-tanned 
leather, focused attention on the need for more rapid development of 
domestic tannin supplies to give national security in the production of 


leather, which is rated the seventh most critical war material. The 


*Line of work for which no symbols have been assigned. 
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RMA project on tanning materials began in 1948 and is greatly accel- 
erating progress in the development of domestic tannins. 


D. FUNDS—-ANNUAL EXPENDITURES 


RMA funds have been used by BPISAE for part of the work on 
canaigre and sumac and by BAIC for all of the work on canaigre. 
The work began in 1948, and annual expenditures on this project 
have been : 





1948 1949 1950 
sakiiatenn ks thats aenteialelaetiers ‘ | $41, 900 $62, 000 $68, 100 
SPEEA esak dea westcenaddddidediunstJcchasedodaintdnekhse 10, 800 13, 900 12, 200 














eae fs et FO? SOs CEA ek 52, 700 | 75,900! «80,300 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Basic information on root growth and tannin formation in culti- 
vated canaigre has been obtained, including the determination of (1) 
temperature and soil-moisture requirements for seed germination, (2) 
seasonal development of tannin in the roots, and (3) relation of soil 
nutrients to root development and tannin formation. This informa- 
tion has provided the basis for locating and handling large regional 
plantings. In addition, collected samples from native stands of 
canaigre have made possible the selection of high-quality strains— 
e. g., roots showing from 30 to 40 percent tannin—which are available 
and suitable for large-scale propagation. 

Preliminary methods have been developed for harvesting and drying 
canaigre roots to maintain the tannin content during transportation 
and storage prior to subsequent extraction. 

igh ondity tanning extract prepared from canaigre roots.—Et- 
fective laboratory methods for extraction of tannin from canaigre 
roots were developed. The purity of the tannin-containing extracts 
was increased by fermenting the sugars extracted with the tannin. 
This required isolation and use of bacteria specially selected for their 
ability to grow in canaigre liquors, since many bacteria normally used 
for fermentation will not grow in these liquors. Laboratory processes 
were adapted to pilot-scale operation, and several hundred pounds of 
powdered canaigre tanning extract were produced in a quality that 
compared favorably with that of commercial tanning extracts. 

eavy leather successfully tanned with canaigre extract—Heavy 
leathers of the sole-leather type were successfully tanned in the lab- 
oratory with tanning liquors prepared from powdered canaigre extract 
prepared on both a laboratory and a pilot-plant scale. The canaigre 
extract was used alone and in blends with other extracts with equally 
good results. 
F. SOME ADDITIONAL WORK NEEDED 


Early establishment of canaigre as a commercial crop for the pro- 
duction of tannin will require intensive work on the development, 
from present strains, of new varieties which reproduce true to type 
and possess desirable growing and processing characteristics. There 
are available selections of wild strains which differ widely in growth 
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habit, tannin content, yield of roots, resistance to disease, and purity 
of extract, but intensive breeding studies are required to combine de- 
sirable characteristics in commercially useful varieties. 

Fundamental studies are needed on the relation of soil, climate, 
and culture to root development and tannin formation in canaigre 
plants to furnish a basis for farm practices that will produce maxi- 
mum yields of high-quality roots and insure better returns to the 
farmer. 

Increased efficiency of tannin extraction—The presence of starch 
in canaigre roots has made it necessary to use processes for extracting 
the tannin which differ from those normally used for tanning mate- 
rials. Development of other new extraction procedures and fer- 
mentation treatments that will render the tannin more readily ex- 
tractable are needed to increase extraction efficiency and lower proc- 
essing costs. 

Investigation of fermentation processes to yield valuable products 
from canaigre.—V aluable products may be obtained by fermentation 
of canaigre liquors and spent canaigre roots. Utilization of these 
products would bring valuable returns that would lower the cost of 
producing canaigre tanning extract. 

Investigation of antibiotic substances in canaigre—Substances 
which inhibit the growth of micro-organisms have been found in 
‘anaigre roots. Canaigre extracts have been found to ,inhibit the 
growth of Mycobacterium phlei, an organism that belongs to the same 
genus as those which cause tuberculosis in animals. Isolation and 
characterization of these antibiotic substances are needed. 

Pilot-plant production of canaigre extract—Although several hun- 
dred pounds of canaigre extract have been successfully prepared with 
large-capacity laboratory equipment, this quantity is far short or what 
is required for commercial tanning tests to demonstrate the qualities 
of this extract industrially. Further pilot-plant facilities and engi- 
neering research are needed to process the tons of canaigre now being 
made available in field-crop studies. 


Drue Crop INVESTIGATIONS 


(OES—b-1-8—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


While the project title indicates general studies on drug crops, the 
investigations have centered almost entirely around cinchona, from 
which quinine is produced. No recent or current work is concerned 
with any other drug crop. The current work, being done at the Fed- 
eral Experiment Station, Mayagiiez, P. R., is mainly based on main- 
taining valuable genetic material, which was introduced into Puerto 
Rico airs World War II, in cooperation with the Defense Sup- 
plies Corporation. Plantings of a large number of species, varieties, 
and strains of cinchona are being maintained in a permanent location 
for possible further evaluation and study, depending upon our stra- 
tegic needs for quinine. Some agronomic studies, particularly a dis- 
ease survey and some basic physiological experiments, are being con- 
tinued at the present time on a small scale. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-8-1—Investigation of nursery problems in the growing of cin- 
chona. To develop agronomic practices for the production of cin- 
chona seedlings on a large-scale basis, to determine the factors which 
limit such operations, particularly problems of insect and disease con- 
trol, and the effect of light, moisture, and soil nutrients. 

b-1-8-2—Investigations of field problems in the growing of cin- 
chona. To develop agronomic practices which will result in the es- 
tablishment of cinchona plantations and permit the maintenance of 
high-yielding stocks under the American flag. 

b-1-8-5— Investigations of diseases attacking cinchona. To study 
the diseases and insects attacking cinchona, and to develop methods 
of control. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This project was initiated in 1935, and was concerned primarily 
with obtaining basic information on the production of cinchona, from 
which the valuable drug quinine is obtained. At the time the project 
was initiated, there was no commercial production of quinine in this 
hemisphere. World War II showed the need for this strategic crop, 
and the Defense Supplies Corporation was anxious to establish a per- 
manent seed supply of high-yielding cinchona under the American 
flag. The establishment of such a planting necessitated studies on 
agronomic practices and chemical evaluation of the material. 


D. FUNDS-—-ANNUAL EXPENDITURES 


An estimate of appropriations for the years 1935 to 1943 ranges from 
$10,000 to $20,000. Appropriations from 1944 to 1950 range from 
$23,000 to $29,000. During fiscal years 1944 to 1947, the Defense Sup- 
plies Corporation provided funds in the amount of $9,305 for the pur- 
pose of establishing and maintaining high-yielding stocks of cinchona 
in Puerto Rico. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Plantation of high-yielding cinchona trees is being maintained.— 
An extensive planting of some 37 species, varieties, and strains of 
cinchona is being maintained on the island of Puerto Rico. This 
planting is the most extensive collection of cinchona in the Western 
Hemisphere, and contains representatives of the highest yielding trees 
known. 

A quick simple method for quinine analysis was developed.—A sim- 
ple and rapid method of determining the quinine and total alkaloid 
content of cinchona bark was devised. It has the advantage of re- 
quiring only a small amount of bark (1 gram), and it can be used 
to determine small quantities of quinine. Any quinidine present is also 
measured as quinine. With this method, large numbers of cinchona 
seedlings can be screened in a relatively short time. 

Light and nitrogen requirements are important in growing cin- 
chona seedlings.—Studies on the requirements of cinchona plants dur- 
ing the nursery stage have shown that seedlings grown under the 
higher levels of light, particularly when abundant nitrogen is present, 
are best. Seedlings receiving plenty of nitrogen under full and three- 
quarters light were the most thrifty and developed the better color. 
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The light factor, however, proved to be less important. than hitherto 
believed, provided the plants were supplied with adequate amounts 
of nitrogen; those given low or medium quantities of nitrogen made 
a significantly less growth, regardless of the light ‘reatment applied. 
Furthermore, a oat of the relationships of nitrogen and phosphorus 
to the growth and composition of young cinchona seedlings indicated 
nitrogen to be unquestionably the more important element. Plants 
deficient in nitrogen contained lower amounts of quinine and total 
alkaloids than those receiving the full nutrient requirements. Roots 
of plants deficient in either potassium or magnesium had a relatively 
low quinine content; in the stems, however, the reverse was true. De- 
ficiencies in potassium were followed by a high magnesium content 
in the leaves. 

Fumigation and use of sphagnum controlled damping-off in cin- 
chona seedings.—The damping-off disease of cinchona seedlings can 
be prevented by treating the beds with chloropicrin or covering the 
soil with sphagnum moss. Where the soil was both fumigated with 
chloropicrin and surfaced with sphagnum moss, germination was not 
impaired and growth was greatly stimulated. Seedlings grown on 
plots of cee moss alone were entirely free of the disease but the 
plants suffered from nutrient deficiency. Seeding too soon after fumi- 
gation treatment resulted in reduced germination. 

Total alkaloids and quinine in cinchona trees-—Total alkaloids and 
quinine content of cinchona trees grown in the Caribbean National 
‘orest did not vary appreciably or consistently from one year to 
another in the age range of 3 to 6 years, a fact in agreement with the 
data from Java for trees of corresponding ages. There was a tendency 
for quinine and other alkaloids in the trunk bark to be somewhat 
lower in the smaller trees than in the taller ones, but in general the 
vigor of the trees as measured by height did not have a marked 
effect on the percentage of these constituents. When the quinine and 
total alkaloids were high in one part of a tree, they were also high 
in others and vice versa. The roots and lower trunk bark contained 
the highest percentage of alkaloids and the upper trunk bark, side 
branches and trunk wood contained the lowest. 


F. SOME ADDITIONAL WORK NEEDED 


Evaluation of planting material growing in Puerto Rico.—At the 
present time there are growing on the island of Puerto Rico some 37 
species, strains, and varieties of cinchona, which should be evaluated 
for their quinine content. These trees are rapidly becoming of har- 
vestable age. These trees should be evaluated so that only the best 
strains will be used as propagating material. 


CoorerRATION WirH THE GOVERNMENT OF PurrRto Rico anp OTHER 
AGENCIES 


(OES—b-—1-13—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new crops for Puerto Rico and study the economic po- 
tentialities of the same. Such studies, conducted at the Federal ex- 
periment station at Mayaguez, P. R., include investigations on cul- 
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tural methods, varietal testing, and adaptability to local conditions. 
The current work is et concerned with the development of 
cultural practices and control methods that will permit the success- 
ful culture of vanilla and alleviate the ravages of vanilla root rot. 
Considerable work is also being carried out in the propagation and 
utilization of bamboo. Investigations also include limited studies 
on essential oils and spice crops. 


B. CURRENTLY ACTIVE LINE PROJECTS 


b-1-13-1—Investigations on the production of vanilla. To develop 
cultural methods for the production of vanilla, with particular em- 
hasis on the control of vanilla root rot, which is the limiting factor 
in the commercial production of this crop. 
b-1-13-2—Vanilla processing and chemistry. To study methods of 
vanilla curing, including fundamental studies on the chemistry of 
the process involved. 
b-1-13-3—Agronomic investigations with spice crops. To study 
the possibilities of producing spice crops, such as pepper, ginger, nut- 
meg, allspice, clove, etc., under Puerto Rican conditions. 
b-1-13-4—Agronomic investigations and propagation of essential 
oil plants. To study the possibility of growing essential oil plants in 
Puerto Rico, giving particular attention to bay oil production, an 
established industry. Investigations include studies on propagation 
and cultural practices. 
b-1-13-6—Processing and chemistry of essential oils and other 
tropical crops. In connection with the agronomic investigations on 
essential oils, some investigations in the field of chemistry, particularly 
for evaluation purposes, are being carried on. 
b-1-13-7—Agronomic experiments in the planting and distribu- 
tion of bamboo species. The evaluation and testing of various intro- 
duced species of bamboo for industrial purposes. Investigations in- 
clude experiments on planting, spacing, fertilization, and harvesting. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1937 the Government of Puerto Rico made funds available to the 
Federal experiment station for the conduct of research on crops 
of particular interest and value to Puerto Rican agriculture. The 
local government has continued to support these projects through- 
out the years, and the Federal Government has cooperated by pro- 
viding supervisory direction and physical plant facilities. 


D. FUNDS—ANNUAL EXPENDITURES 


The annual expenditures of Federal funds under this project have 
been limited to supervisory direction. It is estimated that since the 
beginning of the project in 1937, the average annual expenditure has 
amounted to less than $5,000 per year. The insular government has 
contributed funds ranging from $18,000 in 1937 to the present ap- 
propriation of $43,000, which has been the amount appropriated dur- 
ing each of the last 5 years. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Progress in vanilla research—Vanilla was first introduced into 
Puerto Rico in 1907, and a commercial industry was beginning to 
develop about 1917, when a root rot appeared that has limited produc- 
tion and expansion of the vanilla industry to date. In 1927 the 
causal organism was identified as a fusarium root rot. Investigations 
since 1938 have been devoted largely to breeding for varietal re- 
sistance and the study of cultural practices which support vigorous 
healthy growth. The production of vanilla under controlled uniform 
light and with moisture supplied during drought periods has given 
outstanding results. The first normal fruiting resulted in a yield of 
1.200 pounds of green vanilla beans per acre, as compared with the 
500 pounds per acre ordinarily considered high for Puerto Rico. 
Growers have shown their approval of the method by investing in the 
construction of similar types of sheds for the commercial production 
of vanilla in Puerto Rico. Research on the chemistry of curing vanilla 
beans has led to improved and more rapid procedures in curing. 

Developments in essential oil research—Experiments with lemon 
grass and citronella grass have produced valuable data as to the 
most economical practices to use in order to obtain the highest yield 
of grass and greatest quantity of oil per acre. The highest annual yield 
of citronella oil per acre over a 4 -year period was obtained when the 
grass was cut at medium height. With lemon grass, the greatest 
yield of oil per acre per year was obtained when cut at maximum 
height. There was no difference in the yelds of oil between the West 
Indian and Java varieties of lemon grass. An improved method of 
distilling lemon grass and other essential oils was devised. Use of 
this method resulted in 10 to 15 percent greater yield and higher 
percentage of citral. 

A number of important spice crops have been introduced and 
tested.—With the exception of some native ginger, spices had never 
been produced commercially in Puerto Rico. Since the beginning of 
this project, there have been introduced nutmeg, allspice, clove, and 
cinnamon, all of which are tree crops. Some of these are showing 
promise for commercial production on the island. The cultivation 
of black pepper has also been attempted and the vines have grown 
well and flowered under natural conditions. An improved variety 
of Chinese ginger was introduced several years ago and is now re- 
placing the native ginger which has been grown for many years. 

Bamboo not harmful to succeeding crops.—Successful cropping 
practices with all types of crops may be followed immediately in areas 
previously planted to bamboo. Experiments on bamboo fertilization 
indicate that the use of ammonium sulfate is highly beneficial ; growth 
and vigor of fertilized clumps was almost double that of the un- 
fertilized. These findings add impetus to the increasing use of bam- 
boo as an important soil-conserving crop in Puerto Rico. 


F. SOME ADDITIONAL WORK NEEDED 


Expansion of pepper plantings for strategic purposes.—Black pep- 
per, produced largely in the Eastern Hemisphere, has recently become 
extremely scarce and difficult to obtain in the world market. At the 
present time it is found on the strategic crop list. Studies on propaga- 
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tion methods, light requirements, flowering habits, and harvesting 
. 5 ‘. . . 5 . . 
procedures are needed, if this crop is to be grown extensively in the 
Western Hemisphere. 
CROSS REFERENCES 


For further information especially pertinent to subjects covered in 
this chapter, see also: 


BPISAE—b-12-1, Chapter 31, nematode studies. 

BPISAE—RM : b—48, Chapter 31, research on nematodes. 

BPISAE—q-2-2, Chapter 38, plant disease survey. 

BEPQ—BPISAE—RM: a-—22, Chapter 31, agricultural products as insecticidal 
materials. 

BAIC—RRL-—+-9, Chapter 1, tanning materials, hides, skin, ete. 

BAIC—RRL-—3-12, Chapter 14, utilization of hops. 

OES—b-1-10, Chapter 38, plant introduction and propagation. 

OES—b-1-11, Chapter 31, control of insect pests and diseases. 

OFAR, Chapter 23 (especially RM: c-2 and RM: c-544), foreign activities. 

PMA—Market inspection of rice, hay, beans, peas, hops, and miscellaneous com- 
modities, chapter 34. 

See chapter 32 for reports on crop and livestock estimates. 

Chapter 33 for commodity market news services. 























TRANSPORTATION 
Chapter 19—Part II 


Foreworp 


Although a large share of the research and related services con- 
ducted by the USDA on the transportation of agricuitural products 
oe to specific commodities or groups of commodities, a consid- 

rable amount of work of a cross-commodity or functional nature is 
a being done in this field. This latter type of activity is covered 
in this chapter, including studies intended to obtain equitable and 
reasonable tr ansportation rates; more efficient use of transportation 
services and facilities; and transportation costs and their economic 
effect on agriculture. 

The strictly commodity studies are reported on in appropriate 
commodity chapters, cross-references to many of which are shown 
at the end of this chapter. 
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TRANSPORTATION 
Improvep TRANSPORTATION OF Farm Propucts 
(PMA-OES—RM: c-203—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To reduce the costs of transportation, loading, and unloading, and 
to cut losses of agricultural products through damage and deteriora- 
tion in transit by obtaining the most efficient and economical carrier 
equipment, facilities, and methods of use. Current work is directed 
toward improvement in railroad and truck equipment to minimize 
deterioration and losses in shipments of perishable agricultural prod- 
ucts, such as fresh fruits and vegetables, poultry products, and frozen 
foods, and to cut the time and cost of loading and unloading grain; 
to develop methods of improving the utilization of carrier equipment 
to avoid shortages and to assist the carriers in obtaining operating 
economies while furnishing better transportation ; and to work toward 
adoption, by the carriers and industry, of equipment, methods, and 
practices that are found to be desirable. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-203-1—Improved utilization of equipment. To ascertain 
the speed of delivery of various types of agricultural commodities by 
railroad and motortruck; determine the causes of delays in transpor- 
tation, whether through operation practices or lack of ability to inter- 
change equipment; work with the carriers to bring about improved 
schedules for prompt delivery; and get better utilization of cars and 
trucks to avoid the equipment shortages that have been frequent during 
the past decade. 

RM: c-203-1A—Economiec analysis of milk and cream assembly in 
Indiana. To study milk and cream assembly, hauling methods, and 
route patterns and to measure the cost and relative efliciency of the 
various methods now followed. Different types of hauling equip- 
ment are being studied and tested with the purpose of developing the 
most efficient equipment ee Rates charged for hauling are also 
being examined. The objective of the work is to determine the best 
equipment and means of using it most efficiently in milk and cream 
assembly, and to make recommendations for improvements that will 
reduce costs of hauling from the farms. 

RM: c-203-2—Improved transportation equipment. Under this 
project studies are made of carrier equipment, such as the various 
types of railroad cars and motortrucks, including field tests designed 
to measure the relative efficiencies of different kinds of equipment for 
the job they are supposed to do, and the methods used in handling 
commodities, including methods of protection where refrigeration or 
heat is necessary. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Prior to passage of the Research and Marketing Act, work with 
transportation equipment was largely limited to observations of the 
effect of varying amounts of refrigeration or heat upon the deterio- 
ration of fresh fruits and vegetables shipped in standard refrigerator 
cars and experimental special-purpose refrigerator cars. Under this 
project, more emphasis has been placed upon the economics of trans- 
portation itself; for example, encouragement was given to the devel- 
opment of a mechanically operated all-purpose refrigerator car to 
give better transportation at the same or less cost than the old standard 

‘ar. Current studies are being made to develop a better car for han- 
dling bulk grain, and other work is aimed at improving the truck 
transportation of perishable products. 

The phase of the project dealing with utilization of transportation 
equipment was initiated upon the recommendation of the Transpor- 
tation Advisory Committee, whose members were concerned about 
slow service by the railroads and repeated shortages of cars which 
might have been avoided or the effects minimized had railroads moved 
shipments to destination faster, so releasing cars earlier for new load- 
ing. In the early stage of this work Loud studies were made of the 
movement of a large number of shipments; emphasis is now being 
turned to improvements in schedules from particular producing areas 
to markets. 

D. FUNDS—ANNUAL EXPENDITURES 


Federal expenditures for this work have been as follows: 


| 
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ei 5 area es 3 41. 100 
WOR cf basse ee 64, - 





Research 1 was : begun on ‘this project late i in the fiscal year of 1948, 
additional funds being provided in the subsequent years to broaden 
the scope of the work as it progressed. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Mechanical refrigerator car.—The acquisition by a refrigerator car 
line of 100 mechanically operated refrigerator cars of two different 
types has followed work in this field. Karly i in the program a manu- 
facturer of mechanical refrigeration equipment for motor vehicles 
was encouraged to develop an automatic mechanical refrigeration and 
heating sy stem for railroad cars. ‘The car which resulted is fully auto- 
matic, thermostatically controlled, and has the ability to maintain 
any desired temperature from 0° to 60° F., regardless of outside tem- 
peratures. A series of official and unofficial tests during 1949 and 
early 1950 demonstrated that the car was versatile, rugged, and de- 
pendable. It has proved particularly effective for the transportation 
of frozen foods, where temperatures of approximately 0° F. are desir- 
able. Another type of mechanical car tested uses Diesel power but 
does not produce heat and was developed for frozen-food traffic. The 
automatic mechanical refrigerator and heating car has not yet been 
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accepted by the carriers as an all-purpose car, principally because 
the car itself costs about 50 percent more than a standard ee 
car and, although fuel cost 1s much less than for the ice and salt used 
in the standard car, there has not been enough experience with the 
mechanical car to determine accurately whether maintenance and de- 
preciation costs will be low enough to make it cheaper in the long run. 
Data on these items will be obtainable from experience with the new 
cars as they are used. 

Transportation of frozen citrus concentrate—Improvements in 
motortrucks hauling frozen citrus concentrate to provide better cir- 
culation of cold air around the load to prevent “hot spots” and avoid 
later spoilage of the commodity are resulting from studies made of 
equipment used in this field. In cooperation with BPISAE controlled 
tests were made in the transportation of citrus concentrate from 
processing plants in Florida to northern markets and observations 
taken of commodity and air temperatures in different parts of the 
load at point of origin, during transit, and at destination. It was 
found that at various points in the truck-trailers higher temperatures 
than were desirable were resulting from poor se, corte of the cold 
air flow from the refrigeration unit. These conditions were pointed 
out to the operators with suggestions for changes in the interior 
structure of the vehicles to correct the trouble. One test of an adapted 
truck has been conducted with good results and other tests will follow 
as changes which have been promised are made in other types of 
trailer bodies. 

Utilization of carrier equipment—A study of the movement of 
approximately 23,000 carloads of various kinds of agricultural com- 
modities disclosed that over 20,000 of those cars were delayed in 
transit and that the average delay to these 20,000 cars was more than 
80 percent of the normal transit time. The study also showed that 
more than one-third of the total cars shipped required at least twice 
the normal transit time in moving from origin to destination. If the 
turn-around time on all cars loaded in 1948 had been reduced only 
1 day, it would have been equivalent to adding 117,000 cars to the 
railroad fleet. It was suggested to the railroads and the Interstate 
Commerce Commission that if the carriers would improve their per- 
formance, they might be able to reduce their costs. It is impossible 
to determine what influence that presentation and subsequent work 
had upon the railroads or how much has been due to complaints from 
shippers about their service, but there is definite evidence that the 
railroads have shortened some of their schedules and are studying 
ways to improve their utilization of cars. 


F. SOME ADDITIONAL WORK NEEDED 


Container vans for products of agriculture—The transportation 
statutes recognize the desirability of coordination of transportation 
by railroad, motortruck, and water lines. The chief physical obstacle 
to such coordination has been the necessity for transferring of the 
commodity, package by package or piece by piece, from one carrier 
to the other. Bulk freight would have to be handled through an 
elevator or similar facility. Several efforts have been made recently 


to develop vans capable of easy and fast movement between a truc 
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bed and railroad flatcar. One of these, while not yet adapted to han- 
dling agricultural products, shows considerable promise as a means 
of safe and economical joint truck and rail or water transportation, 
combining the flexibility of the truck with the economy of mass trans- 
portation possible in water and rail transportation. This develop- 
ment should be studied so that possible reductions in costs of trans- 
portation and handling of agricultural products may be realized. 

Air transportation of agricultural products.—Up to now little use 
has been made of air transportation of agricultural commodities. 
Flowers and a few other highly perishable luxury items are moving 
by air. There are fruits and v egetables, such as berries, tomatoes, and 
other crops, which would command higher prices if ‘they could be 
placed on the market in top condition of maturity. These hold good 
possibilities for broadening their market, providing better food for 
the consumer, and more income to the producer. Economic studies 
and field tests should be made to find out what commodities are best 
suited to air transportation, how present equipment could be adapted 
or improved, and what short cuts or improvements in handling meth- 
ods might be made to develop this potential. 

Transportation of flour, animal and poultry feeds in bulk.—Within 
the past few years there has been a great deal of interest in the develop- 
ment of methods of handling bulk flour and feed to avoid sacking and 
reduce handling costs, and a few experimental trucks have been 
designed for that purpose. Research is needed to determine how both 

railroad and truck equipment can best be adapted to the solution of 
this problem and to ascertain the relative efficiency and economy of the 
respective methods that may be developed. 

Transportation of bulk grain and rice by motortruck.—While the 
total movement of bulk grain and rice to terminal markets, flour mills, 
and feed mills by truck is still small in relation to the amount moved 
by rail, the use of trucks to move these commodities directly from 
farms and country elevators to mills and markets has been growing 
steadily. Several types of trucks and truck trailers have been de- 
signed for that purpose. They var y widely in construction and 
method of use. Which does the best job, or whether any of them is 
the best for the purpose, is not known. Work should be done to 
evaluate the efficiency of present vehicles and methods and to deter- 
mine whether improvements can be made that will reduce the costs 
of transportation and handling. 


OprTraINInG EquiraBLE AND REASONABLE TRANSPORTATION RATES FOR 
Farm Propvucts 


(PMA—RM: c-441—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain fair and reasonable freight and express rates and services 
for farm products through, (1) analysis of financial position and 
revenue needs of transportation agencies and (2) a continuing investi- 
gation of the present and proposed rates, charges, and services of 
tr ansportation agencies relating to fish, shellfish, and fishery products. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-441-1—Investigations and actions on the transportation 
rates, charges, and rules relating to fish, shellfish, and fishery products, 
including formal actions before transportation regulatory agencies 
and informal actions direct with carriers. 

RM : c-441-2—Investigations and analyses of the financial reports 
of transportatidn agencies as rendered to the Federal or State regu- 
latory agencies to enuinn their accuracy and deficiencies for use 
before regulatory agencies in proceedings involving freight and/or 
express rates and charges on agricultural products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Research and Marketing Act of 1946 defined fish and shellfish 
as agricultural products for purposes of marketing research. As a 
result, the transportation work was initiated in October 1946 on 
request of the national fisheries associations. Work was commenced 
immediately on a national rate survey. Numerous actions involving 
rates and charges by rail and express have followed. 

The investigation into the financial requirements of the transporta- 
tion agencies was approved as an RMA project in February 1950. 
While some preliminary work had been done in the planning phase 
in 1949, full-time activity did not get under way until about the start 
of the calendar year 1950 because of difficulties in obtaining qualified 
personnel. Since that time, the work has been primarily of an 
exploratory nature to develop a program that will best support the 
litigation work of the Department before the Interstate Commerce 
Commission. 

D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this work have been as follows: 1949, $9,800; 
1950, $33,900. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Billing weights on small shipments of fish and shellfish —A proposal 
to increase such weights by increasing ice content factor by 100 percent 
was defeated. 

Minimum charges on small shipments of fish and shellfish_—Tarifts 
of express charges on small shipments were suspended by the Interstate 
Commerce Commission. These tariffs proposed increases up to 200 
percent. Approximately 20 separate tariff publications are involved. 

Proposed increases in per-package refrigeration charges on small 
shipments of fish and shellfish by express —These charges were in- 
creased 100 percent but were suspended by the Interstate Commerce 
Commision and are under investigation. 

Rates on frozen fish by rail_—W ith the Department and the fisheries 
industry cooperating, a reduction of approximately 20 percent in the 
rail carload rates from the Pacific coast eastward as far as Indiana 
was accomplished informally. 

Collection and organization of current data on financial and opera- 
ing statistics of Class I railroads——This work provided necessary data 
for use in evaluating the financial and operating positions of railroads. 


78552—51—vol. 2 32 














1484 AGRICULTURAL RESEARCH AND RELATED SERVICES 


Analysis of the railroad exhibits in Ex Partes 166 and 168 (the 
railroads’ petitions for general freight rate increases). —This analysis 
provides a sound basis for evaluating any similar exhibits introduced 
by railroad witnesses in future general rate level proceedings, and 
assists in the preparation of more effective exhibits presented by the 
Department. 

“aluation of railroad property for the purpose of rate making.— 
This study shows that in recent rate increase cases the Interstate Com- 
merce Commission based their findings on an inflated valuation of 
railroad property of between 4 and 7 billion dollars. Use of the cor- 
rected valuation formula as developed by the Department indicates 
that rail rate reductions on farm products may be in order. 

Investigation of claimed passenger service deficits —This study 
shows that directly assignable operating expenses exceeded revenues 
from passenger and allied services by approximately $50,000,000 in 
1948, and $95,000,000 in 1949. By removing the passenger deficits 
from consideration in rail freight rate cases, lower increases on agri- 
cultural products (or, indeed, reductions) may be indicated. 


F, SOME ADDITIONAL WORK NEEDED 


The national fish rate survey should be completed —This work has 
progressed slowly because of current attempted rate increases by the 
‘arriers which require the immediate and almost continuous attention 
of the fish rate specialists. 

Current and continuing attempts to increase rates require constant 
alertness and research.—Almost daily, advice is received of new tariffs 
of increased charges for transportation and service. In each instance, 
immediate attention and action are necessary. 

Investigation of railroad fied charges, with particular reference 
to the cost of capital and outlays for rent of roadbed and right-of-way. 

Investigation of the productivity of railway labor, labor costs, and 
their effect on the rate of return. 

Investigation of the diversion of came [nem the railroads to other 
forms of transportation, its causes and effect on railroad income and 
rate. 

Investigation and analysis of the effect of the level of railroad rates 
upon the demand for rail services. 

Investigation of motor carrier finances including (1) costs of opera- 
tion, changes in total and unit costs in recent years, and variations 
in component parts making up total costs; (2) motor carrier cost 
studies made by the Interstate Commerce Commission and other 
agencies; (3) appropriate profit measures for the motor carrier in- 
dustry; and (4) State barriers to interstate motor carrier operations 
and their effect on motor carrier costs and rates. 


TRANSPORTATION Costs AND THEIR Economic Errecr Uron 
AGRICULTURE 
(BAE—RM: c—168—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To find out how and to what extent transportation costs and services 
affect prices and distribution of agricultural products, location of sup- 
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ly and distribution points, and farmers’ receipts from marketing. 
Curvent work is devoted largely to measurement of transportation 
costs, geographic distribution of commodities, selected regulatory prob- 
lems, and the creation of techniques to measure the effect of transpor- 
tation costs on prices and distribution of agricultural products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


‘RM: c—168.1-2—Recent changes in transportation charges, rate 
differentials, shipper costs, shifts among supply areas and rail-truck 
competition for selected commodities at large markets. ‘To measure 
changes in transportation charges, rate differentials, shifts in geo- 
graphic distribution of commodities and to measure their effects upon 
shipper costs, shipper response, and carrier competition. 

RM: c—168.3—Recent trends in transportation rates compared with 
situation before and after World War I. To obtain a basis, so far 
as possible, from which to indicate the nature of probable future 
trends in transportation rate levels of agricultural products. 

RM: c-168.4—Guide to information on trade barriers to highway 
transportation. To issue an up-to-date guide and analysis of sig- 
nificant materials relating to barriers to highway transportation. 

RM: c-168.5—Railroad freight rates for livestock compared with 
meat. To learn whether and to what extent railroad freight rates 
currently favor or discourage movements of various species of live 
animals compared with meat and products; and the extent to which 
competitive relationships have been changed by the postwar increases 
in freight rates. 

RM: c—168.8—Method of measuring the effect of changes in trans- 
portation costs on aOR: To develop a concrete basis for esti- 
mating the effect of changes in transportation costs upon the geo- 
graphic distribution of agricultural products, geographic prices, and 
price spreads, volume of shipments from individual supply areas, and 
farm returns under competitive conditions. 

RM: c-168.9—-Barriers to efficient transportation of dairy products 
in Wisconsin (contract with Agricultural Experment Station, Univer- 
sity of Wisconsin). To learn the nature and extent of barriers to 
efficient transportation of dairy products, apparent causes for them, 
probable effect of partly or wholly removing such barriers, and proba- 
ble extent to a findings in Wisconsin can be generalized to apply 
to other areas. 

RM: c-168.10—Truck-operating costs. To measure truck-operat- 
ing cost factors as standards for judging efliciency of operation, and 
as a basis for an agricultural shipper to decide whether to operate his 
own fleet or make partial or full use of for-hire carriers. 

RM: c—168.12—Indexes of railroad rates for selected agricultural 
commodities. To revise present railroad rate indexes from prewar 
samples and weights to postwar samples and weights, and to develop 
new rate indexes for livestock, meat, and packing-house products. 

RM: c-168.13—Local transportation costs. To supplement present 
estimates of transportation costs, by measuring charges between the 
terminal railhead and retail markets and from field to rail shipping 
point in selected areas. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


References to transportation research in the Department go back 
several decades but it may be said that specific transportation research 
was started on a small scale in the Bureau of Agricultural Economics 
about 1928, and expanded in 1938 to division status largely to develop 
and present evidence relating to transportation of agricultural prod- 
ucts at hearings held by regulatory bodies. The action aspects were 
transferred in 1939 to Production and Marketing Admunistration 
(through predecessor organizations), and the work in BAE was con- 
solidated with marketing research. Transportation research was tem- 
porarily discontinued during the early postwar readjustment, but was 
resumed in November 1947 with a sharply changed emphasis that 
arose from the need for studies to estimate the impact of the post- 
war increases in transportation costs. 


D. FUNDS—-ANNUAL EXPENDITURES 


The project was activated in November 1947 by appointment of a 
project leader, and the staff was recruited, thus accounting in part 
for the continuous increase in expenditures which were $8,000 for fiscal 
year 1948 (active about 8 months), $47,000 for year ended June 1949, 
and $82,000 for year ended June 1950. All of the work under this 
project has been financed by RMA, title IT, funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Statistical evidence that differences in freight rates are a major 
cause of geographic differences in prices and price spreads, and in 
the relative share of the market obtained by competing sources of 
supply has been obtained, in concrete form, for potatoes and Cali- 
fornia oranges. 

A new mathematical method that is valuable in revealing the effect 
of freight rates has been devised. It estimates the effect of simul- 
taneous changes in production, market demand, freight rates, and 
other marketing charges. 

New statistics were obtained for the first time on some aspects of 
the transportation of farm products.—It was determined that of the 
total tonnage of agricultural products moved from farms to initial 
markets, 55 percent was moved in for-hire or buyers’ equipment; 
45 percent in farm-owned equipment. Farm trailers are about as 
numerous as farm trucks—about one farm in four has a trailer. 

The Federal excise tax on transportation results in widening the 
margin between what the final consumer pays for farm products and 
what the farmer receives. The tax tends to be pyramided. Since it 
is a percentage of the freight rate, it is larger per ton on long-haul 
than short-haul movements. 

The intercity transportation bill for food is estimated to have been 
about 2.5 billion dollars in 1949. The total bill was about two and one- 
half times prewar (1939) expenditures, primarily because of the com- 
pounding effect of simultaneous increases in rates, volume, and length 
of haul. Roughly, three-fifths of the rise between 1939 and 1949 was 
caused by rate increases, one-fifth by increases in volume, and another 
fifth by longer hauls. 
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Substantial diversion or shifting from railroads to truck and water 
transportation has occurred for butter and Florida oranges in 1949 
as compared with either 1941 or 1948. This conclusion resulted from 
analysis of changes in the location of production and consumption 
centers, and their effects upon distribution of traffic among the various 
modes of transport. 


F. SOME ADDITIONAL WORK NEEDED 


Further studies of effect of transportation costs on the production 
and marketing of farm products. Such research should be extended 
to many more commodities than heretofore, and should include the 
extent to which transportation costs affect the output of agricultural 
products as well as the effect of freight rates on the availability of 
farm products in different market areas, on market prices, price dif- 
ferentials, intermarket competition, and intercarrier competition. 

Measurement of the volume of various farm products transported, 
by each type of carrier, from producing areas to leading destinations, 
is needed for a great many more commodities and areas. Such in- 
formation is essential to research on the effect of transportation costs 
on agricultural production and distribution. Reports of this type are 
currently seater only for a movement of fruits and vegetables and 
a few other commodities to a limited number of large markets. 


Freteut Rates ror Farm Propucts 


(PMA Federal specific allotments—Sec. 201, AAA, 1938) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To maintain equitable costs of transportation for farm products. 
This is a continuing investigation of present and proposed rates, 
charges, tariffs, and practices of transportation agencies (rail, water, 
motor carrier) relating to agricultural products, for the purpose of 
negotiating with carriers and appearing before the Interstate Com- 
merce Commission in order to maintain equitable costs of transporta- 
tion as related to the agricultural and general economy. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


There are many currently active matters, all under one project as 
outlined in A above. Work on specific cases under this project before 
the Interstate Commerce Commission is in various stages of progress 
at alltimes. As of July 1, 1950, 36 such cases were in progress. Some 
of the more important are: 

Class rate and uniform freight classification investigation—This 
involves a uniform system of commodity classification throughout 
the country east of the Rocky Mountains and a uniform class rate 
scale for application with it. 

Class rates in Mountain-Pacific territory—An investigation into the 
general level of rates in the territory west of the Rocky Mountains. 

Investigation of Rule 34—Consolidated Freight Classification.— 
An inquiry into the propriety of graduated carload minimum weights 
according to the lengths of freight cars, 
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The “Ogden Gateway” case.—Opening the Ogden, Utah, gateway 
between the Union Pacific and the Denver and Rio Grande railroads 
for the transportation of the products of agriculture at through com- 
petitive freight rates. ; 

Special rules and regulations on shell eggs.—An investigation of 
rail carriers’ proposal to limit their liability for damage in transit 
to shipments of eggs. 

Charges for unloading fresh fruits and vegetables at New York and 
Philadelphia—An inquiry into the propriety of gan charges for 
services required by law to be included in the line-haul freight rates. 

Fresh fruits and vegetables by ewpress-—An investigation into the 
reasonableness of increased express charges on small shipments of 
fruits and vegetables, particularly gift packages. 

Peanuts to Savannah, Ga., for eeport.—A complaint alleging that 
export rates on peanuts through the Port of Savannah are unreason- 
ably high as compared with domestic rates and a plea for reparation 
on past shipments for account of the Commodity Credit Corporation. 

Export grain, Buffalo, N. Y., to New York and Boston.—An investi- 
gation into the reasonableness of the export rates from Buffalo to 
New York and Boston as compared with Philadelphia and Baltimore. 

Rail rates on livestock. An investigation into the reasonableness of 
livestock rates generally. 

Determination of agricultural commodities transported by motor 
carrier that are exempt from ICC regulations —A proceeding to de- 
termine when an agricultural commodity becomes manufactured and 
when it is or is not subject to regulation by the Interstate Commerce 
Commission under the Act to Regulate Commerce: 

Motor carrier rates in the Rocky Mountain region.—An investiga- 
tion of certain increased rates proposed by the motor carriers of the 
Rocky Mountain-Pacific coast area. 

Consolidations of motor carriers—An inquiry into the public in- 
terest in the proposed consolidation of Pacific Intermountain Express 
and Keeshin Freight Lines to form a single transcontinental motor- 
carrier operation. 

Lease and interchange of vehicles by motor carriers —An inquiry 
into the practices of certain motor carriers in leasing their equipment 
to other operators on short- or long-time leases. 

Contract agreement of ocean steamship lines.—An inquiry into the 
practice by steamship conferences of granting reduced rates to certain 
interests by contract providing for exclusive patronage of the mem- 
bers of that conference. 

A pplication of Commercial Barge Line for extension of its certifi- 
cate to operate-—Investigation of propriety of permitting this line 
to extend its operation to include all major ports on eight navigable 
rivers, tributary to the Mississippi, and the intracoastal canal. 

Effect of dieselization on aca operating efficiency.—A study to 


indicate any improvements in operating practices and resultant re- 
duction in operating expenses by intensive use of Diesel motive power 
as compared with other methods. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work under this appropriation was initiated in 1939 as soon as 
possible after enactment of the authority in section 201 of the Agri- 
cultural Adjustment Act of 1938. Since 1940 the Department has 
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yarticipated in numerous major freight-rate cases and many of lesser 
importance in an effort to assure reasonable and equitable rates for 
agricultural commodities. A large number of cases have been ini- 
tiated with the cooperation of national farm organizations, trade as- 
sociations, farm cooperatives, and individual producing interests. 
It is estimated that during the period of this work, transportation 
costs to producers based on freight-rate increases actually allowed, 
as compared with increases requested by the carriers, have reflected 
more than a $1,000,000,000 saving. Actions taken by the Department, 
in cooperation with the interests and organizations named above, un- 
doubtedly contributed materially to this saving. 


D. FUNDS—-ANNUAL EXPENDITURES 


The allotment for this work for fiscal year 1940 was $45,000. Dur- 
ing the period 1940-50 funds were increased every year but two. The 
appropriation for 1950 was $191,900. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Elimination of rental charge on refrigerator cars in New Eng- 
land.—At the former charge to producers of $5 per car, this amounts 
to from $20,000 to $30,000 per year. The Department cooperated with 
the producing interests in having the charge eliminated. 

Reduction in the rail freight rates on wool._—After 7 years of liti- 
gation, the rates on wool and mohair were ordered reduced approxi- 
mately 15 percent. The Department was active in this case in all its 
phases. 

Reduction of rates on livestock from the West to the South and 
through the South to the Fast.—As a direct result of the Department’s 
participation, the livestock rate adjustment. was amended to permit 
southern farmers to bring western livestock into the South, feed it in 
transit, and resell it on the eastern and southern markets on a com- 
petitive basis. The reductions ranged from $25 to $75 per car depend- 
ing on the distance traveled. 

In the four over-all rate-increase cases since 1942, activities of the 
Department, coordinated with those of producers, cooperatives, and 
farm organizations, were instrumental in holding the cumulative in- 
creases on agricultural products to approximately 48 percent, com- 
pared with increases totaling about 57 percent on other commodities. 

Reductions in rates on fresh fruits and vegetables were obtained 
coincident. with increases in the estimated billing weights per package 
so that the delivered per-package cost was not acters, he De- 
partment actively seperavee these adjustments. 

An attempt by rail carriers to eliminate the application of propor- 
tional rates on grain received by them at Chicago from the barge lines 
was defeated in the Supreme Court. Departmental representatives 
were active in this case at all stages. 

Secured a reduction of 25 cents per hundred pounds in the rate on 
eggs from the Pacific coast to the East.—This was a cooperative effort 
between the producers and the Department. 

Assisted in obtaining equitable rates and transit arrangements on 
cotton originating in Oklahoma and moving to southeastern mill points 
through Texas. This was done because of the shortage of adequate 














1490 AGRICULTURAL RESEARCH AND RELATED SERVICES 


cotton storage in Oklahoma. The Department undertook this proj- 
ect. at the request of the cotton producers. 

Departmental witnesses participated in several cases involving gen- 
eral increases in common motor carrier rates by showing actual earn- 
ings on present rates to be in excess of reasonable levels which have 
resulted in lower authorized increases than had been requested. 


F. SOME ADDITIONAL WORK NEEDED 






Research into present method of handling car supply is needed to 
ascertain whether national car pooling will increase efficiency and 
reduce operating expenses of railroads. 

Inquiry into present methods of car accounting between railroads 
and suggestions for a more efficient and less costly system is needed. 

Inquiry into present levels of export freight rates on agricultural 
products is needed to ascertain whether they conform to the require- 
ments of section 3 (la) of the Act to Regulate Commerce. 


User 














More EFrricient or ExisTinc TRANSPORTATION SERVICES AND 


FActniries 





(FCA—RM: ec-94—Federal-RMA Funds) 





A. PURPOSE AND NATURE OF CURRENT WORK 








To determine economies and improved services to be realized by 
the establishment of coordinated transportation programs in the 
marketing of agricultural commodities and in distributing farm 
production supplies of different areas. Significant accomplishments 
have recently been realized in coordinating the transportation facili- 
ties and services of farmer cooperatives in the North Central area. 
In view of these achievements, a preliminary study has been made in 
this area as a basis for determining how they might be adapted to 
the needs of farmer cooperatives and other handlers of agricultural 
commodities and farm-production supplies in other territories. 










B. CURRENTLY ACTIVE LINE PROJECT 





RM: c-94-1—More effective use of existing transportation serv- 
ices and facilities. To study, analyze, and appraise the transportation 
economies to be realized from coordinating the shipping activities 
of farmer cooperatives and other handlers “of farm commodities in 
given areas; to determine the economies and advantages of establish- 
ing traffic departments on a cooperative basis to serve farmer coopera- 
tives and other nearby handlers of agricultural products and farm- 


production supplies; to develop such coordination of transportation 
in selected areas and appraise the results. 
















C., HISTORY AND EVOLUTION OF THIS WORK 















Common carrier freight rates on agricultural commodities and farm- 
production supplies have been substantially increased since the end 
of World War Il. This fact, together with a rapidly changing 
economic situation, makes it imperative that transportation services 
be performed at the lowest possible cost. 
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D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for fiscal 1948 were $4,575; for fiscal 1949, $9,220; 
and for fiscal 1950, $12,311. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Results of preliminary studies—A preliminary report of a case 
study, miscellaneous report 132 entitled “North Dakota Coopera- 
tives Coordinate Transportation for Economy and Service,” was 
released for distribution in June 1949. A second report of a case 
study, bulletin 57, entitled “Coordinating Transportation Improves 
Marketing and Purchasing for Minnesota Cooperatives,” is now in 
the hands of the printer. It will be released at an early date to farmer 
cooperatives and other farm groups interested in coordinated trans- 
portation programs. 


F. SOME ADDITIONAL WORK NEEDED 


Possibilities of coordinating transportation facilities —It is evident 
that substantial savings can be made by the more efficient use of exist- 
ing and expanded transportation services and facilities by farmer 
cooperatives and other handlers of agricultural commodities and 
farm-production supplies in many areas. These possibilities have 
not been fully explored. Additional research is needed as a basis 
for recommendations for a more efficient and economical transpor- 
tation program. 


Srupy or TRANSPORTATION Costs In DEVELOPING A FARMER COOPERA- 
TIVE FERTILIZER MANUFACTURING AND DISTRIBUTING PROGRAM 


(FCA—RM: c-548—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Data on transportation costs and related information is being 
assembled and analyzed to determine how cooperative fertilizer manu- 
facturing and distributing facilities may be located ™ :t advanta- 
geously to serve the needs of farmers. It is also neces vy as a part 
of this project to ascertain the present status of the cooperative 
fertilizer industry in the north central, midwestern, and western 
areas of the United States with respect to procurement practices, 
manufacturing methods, costs, and distributing policies. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-548-1—Study of transportation costs in developing a farmer 
cooperative fertilizer manufacturing and distributing program. To 
determine (1) present and potential demand for different types of 
fertilizer in various regions of the north central, midwestern, and 
western areas; (2) the extent and character of existing and proposed 
facilities that might be utilized in phosphate, potash, and fertilizer 
manufacturing and distributing; (3) transportation facilities and 
services available and current freight rates applicable; (4) oppor- 
tunities for development of cooperative fertilizer facilities located to 
best serve needs of farmers; and (5) to counsel and advise with farmer 
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cooperatives and farm groups regarding the utilization of oe find- 
ings, if a cooperative fertilizer manufacturing and distributing pro- 
gram in the areas studied is found feasible. 


C. HISTORY AND EVOLUTION OF THIS WORK 


A rapidly increasing demand by farmers in the north central, 
midwestern, and western areas has caused farmer cooperatives and 
other farm groups to consider the necessity for acquiring fertilizer 
processing and distributing facilities. This accelerated demand for 
fertilizer in these areas has resulted from materially increased agri- 
cultural production, loss of fertility through soil erosion and minor 
leaching. 'To make effective use of the available phosphate and potash 
deposits, especially those in the far Western States, to meet these 
heavy demands, farmer cooperatives and other interested parties 
require basic data on present and prospective demand, transportation 
services, facilities, and costs, and opportunities for the development 
of new processing and manufacturing plants. 


D. FUNDS—ANNUAL EXPENDITURES 
Expenditures during fiscal 1950, the first year, were $15,700. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A detailed report on the findings of the study is in process of 
preparation. It will be published for the use of farmer cooperatives 
and other farm groups interested in a fertilizer manufacturing and 
distributing program. 


F. SOME ADDITIONAL WORK NEEDED 


In order for farmer cooperatives and other farm groups to render 
the most efficient fertilizer manufacturing and distributing service to 
their patrons, it is necessary (1) to assemble and analyze economic 
and historical data, comparative freight rates, and other transporta- 
tion data on phosphate rock, superphosphate, potash, nitrogen, and 
other fertilizer materials from points in Florida, Tennessee, Montana, 
Utah, Wyoming, and Idaho to representative fertilizer manufacturing 
sites in the north central, midwestern, and western areas; (2) to 
prepare comparative freight rates on potash, ammonia, nitrates, sul- 
phates, and other raw materials from all practicable sources of supply 
to representative points in these areas which might be considered as 
proposed sites for cooperative fertilizer manufacturing and distribut- 
ing facilities; and (3) to assemble comparative freight rates on 
manufactured fertilizer from proposed manufacturing points to 
distributing areas in the areas studied. 


RESEARCH, SERVICE, AND EpucaTIONAL ASSISTANCE ON TRANSPORTATION 
PROBLEMS OF COOPERATIVES 


(FCA—A-1-—14—F ederal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To assist in the development and operations of farmer coopera- 
tives, as authorized by the Cooperative Marketing Act of 1926 (Public 
Law 450, 69th > Such assistance includes research, service, 


and educational work in all phases of transportation and distribution 
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At the present time the work is concerned mainly with (@) conduct- 
ing traffic surveys and rendering service activities regarding problems 
of transportation in the marketing of agricultural commodities and 
distributing of farm production supplies; (b) conferring with indi- 
vidual farmer cooperatives, associations of farmer cooperatives, banks 
for cooperatives, Federal and State marketing agencies in an effort 
to render the most effective marketing, manufacturing, and distribut- 
ing service of agricultural commodities and farm supplies from the 
standpoint of economical and dependable transportation; and (c) 
conferring with Federal and State educational institutions and mar- 
keting agencies, farmer cooperative associations, and other farm 
groups in disseminating information regarding the most efficient types 
of transportation facilities and services to use in marketing agricul- 
tural commodities and distributing farm supplies. 


B-1. CURRENTLY ACTIVE LINE PROJECTS 


a—1—14—1—T raffic manual for farmers’ cooperative associations. ‘To 
provide farmers’ cooperatives with a basic traffic manual for use of 
both small and large associations, which will enable them to carry 
on an efficient and economical traffic and transportation service. 


B-—2, CURRENT SERVICE PROJECTS 


Factors affecting the costs of marketing agricultural commodities 
and distributing farm production supplies—Transportation research, 
educational, technical, advisory, an service activities are carried on 
designed to assist both individual farmers’ cooperatives and groups 
of cooperatives (1) to determine the most advantageous location or 
locations, from the standpoint of transportation facilities and services, 
for acquiring new facilities, or for expanding existing ones, to be 
used for manufacturing, processing, storage, and distribution; (2) 
to assemble factual transportation data for use in determining the 
need for the establishment of a traffic department by an individual 
association, or a traffic service by a group of cooperatives; (3) to 
determine transportation factors in connection with possibilities for 
future development and expansion of cooperative services by coopera- 
tives; and “ to render research service and technical traffic assist- 
ance in evaluating type of transportation facilities and services on 
which savings can be made through the use of transit, reconsigning, 
and diversion privileges. 


B-3. CURRENT EDUCATIONAL WORK 


Includes (a) the preparation of summaries of research projects and 
other educational articles for the News for Farmer Cooperatives and 
other farm publications; (0) participation in conferences dealing 
with the organization or operation of traffic departments of farmers’ 
cooperatives; and (c) the preparation and revision of reports, bul- 
letins, and educational circulars. 


C. HISTORY AND EVOLUTION OF THIS WORK 


, Soon after the Federal Farm Board was established in 1929, it 
initiated a transportation service consisting of case studies of indi- 
vidual farmers’ cooperative associations and the rendering of advisory 
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service to them. When the functions of the Federal Farm Board 
were transferred to the Farm Credit Administration in 1933, the 
work was continued. As farmers’ cooperative organizations, mar- 
keting agricultural commodities, and distributing farm production 
supplies have grown in size and importance, their problems of trans- 
portation have likewise increased and the scope of traffic services 
rendered to them has been expanded to include research and technical 
advice. 

Many of the 10,150 farmer cooperative associations in the United 
States do not maintain a traffic department or employ anyone with 
a thorough knowledge of current traffic and transportation problems. 
With the increase in transportation charges and handling costs it 
is necessary that every possible economy be utilized in the marketing 
and distributing of agricultural products. The economic situation 
with respect to the marketing of many items of farm commodities 
is rapidly changing. 


D. FUNDS—-ANNUAL EXPENDITURES 


The annual appropriations for this work have ranged from $5,000 
to approximately $18,000 per year. Allotments for 1949-50 for this 
project, including research, service, and educational work, were 
520,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in the organization of traffic departments for coopera- 
tive associations.—Since the beginning of the project, the staff has 
been called upon to assist individual farmers’ cooperatives and groups 
of cooperative associations in establishing traflic departments. Such 
research service and technical traffic assistance has involved one or 
all of the following: (a) An economic survey to determine the need 
for the establishment of such services and the possibilities of reduced 
freight costs and increased services; (6) assistance in securing tariffs 
and other necessary working tools; and (c) assembling of compara- 
tive freight rates and existing transit privileges to determine where 
any maladjustments or inequalities in freight rates may exist. Ex- 
amples of successful large-scale cooperatives assisted are such organi- 
zations as Southern States Cooperative, Inc., Farmers Cooperative 
Exchange, Inc., Supersweet Food Co., United Cooperatives, Inc., 
Arkansas Farmers Association, Farm Bureau Service Co., Farmers 
Union Central Exchange, Ine., Poultry Producers of Central Cali- 
fornia, San Juan Valley Poultry Producers Association, and others. 

As a result of the research service and technical transportation 
assistance rendered to farmers cooperatives who do not maintain traffic 
departments, many thousands of dollars have been saved. Many 
cooperative associations without assistance in traffic matters fail to 
take advantage of existing milling-in-transit privileges and the most 
favorable freight rates to reach farmer-members and patrons in 
designated territories. 


F. SOME ADDITIONAL WORK NEEDED 


Factors affecting cost of transportation.—The cost of transportation 
represents an important part of the total expense of marketing agri- 
cultural commodities and distributing of farm production supplies. 
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The rapidly rising increase in transportation and other handling and 
distributing costs necessitates the most efficient use of existing and 
potential forms of transportation facilities and services. These fac- 
tors make it important that every possible improvement in coordina- 
tion be utilized to maintain the required services at minimum cost if 
cooperative organizations and other agricultural groups are to con- 
tinue to serve farmer members and patrons efficiently. 


Repucrion or Waste Turoucu Improvep Packactna MATERIALS AND 
Loapine TECHNIQUES 


(PMA—RM: c-167—Federal-—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) find practical, inexpensive ways of reducing the present 
excessive loss, damage, and spoilage of various ontdhalia and fragile 
agricultural products in rail and truck transportation; and (2) 
develop and test new loading techniques that will reduce the costs 
of loading, stowing, bracing, and unloading these commodities. The 
current work, being carried out with the active cooperation of 
BPISAE and growers, shippers, transportation agencies, and trade 
associations, deals with the development, testing, and evaluating of 
various methods of loading, stowing, and bracing, by field, laboratory, 
and transportation tests. In addition, work is carried out to assist 
these groups in applying the improved loading techniques to their 
own shipping and transportation operations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-167-1—Development and economic evaluation of less ex- 
pensive and more efficient bulk containers for agricultural commodi- 
ties. To develop more efficient and less expensive bulk containers for 
various perishable and fragile commodities that will better protect 
their contents from bruising, cutting, and similar damage during 
transportation, that will provide better refrigeration and ventilation 
of the commodities, and that will cost less to buy, assemble, and trans- 
port. 

RM: c-167-2—Economic evaluation of different methods of loadin 
various types of agricultural commodities and containers in rail an 
truck transportation. To determine which methods of loading, stow- 
ng and bracing different types of containers and commodities will 
effectively reduce the amount of damage, provide the best conditions 
for efficient refrigeration of the commodity during transportation, 
and be more efficient and less expensive to use. 

RM: c—167-3—Reduction of loss and damage through improved 
carrier handling methods and equipment. To determine by transpor- 
tation tests which types of railroad handling methods and equipment 
produce excessive amounts of loss and damage in rail shipments of 
various agricultural commodities and the exact points on the various 
rail routes where the most severe rough handling occurs. This pro- 
_ will be carried out in cooperation with railroads, shippers, and 

istributors to develop improved equipment and secure more careful 
handling of perishable and fragile agricultural products during trans- 
portation 
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service to them. When the functions of the Federal Farm Board 
were transferred to the Farm Credit Administration in 1933, the 
work was continued. As farmers’ cooperative organizations, mar- 
keting agricultural commodities, and distributing farm production 
supplies have grown in size and importance, their problems of trans- 
portation have likewise increased and the scope of traffic services 
rendered to them has been expanded to include research and technical 
advice. 

Many of the 10,150 farmer cooperative associations in the United 
States do not maintain a traffic department or employ anyone with 
a thorough knowledge of current traffic and transportation problems. 
With the increase in transportation charges anid handling costs it 
is necessary that every possible economy be utilized in the marketing 
and distributing of agricultural products. The economic situation 
with respect to the marketing of many items of farm commodities 
is rapidly changing. 


D. FUNDS--ANNUAL EXPENDITURES 


The annual appropriations for this work have ranged from $5,000 
to approximately $18,000 per year. Allotments for 1949-50 for this 
project, including research, service, and educational work, were 
$20,000, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in the organization of traffic departments for coopera- 
tive associations.—Since the beginning of the project, the staff has 
been called upon to assist individual farmers’ cooperatives and groups 
of cooperative associations in establishing traffic departments. Such 
research service and technical traffic assistance has involved one or 
all of the following: (a) An economic survey to determine the need 
for the establishment of such services and the possibilities of reduced 
freight costs and increased services; () assistance in securing tariffs 
and other necessary working tools; and (¢) assembling of compara- 
tive freight rates and existing transit privileges to determine where 
any maladjustments or inequalities in freight rates may exist. Ex- 
amples of successful large-scale cooperatives assisted are such organi- 
zations as Southern States Cooperative, Inc., Farmers Cooperative 
Exchange, Inc., Supersweet Food Co., United Cooperatives, Inc., 
Arkansas Farmers Association, Farm Bureau Service Co., Farmers 
Union Central Exchange, Inc., Poultry Producers of Central Cali- 
fornia, San Juan Valley Poultry Producers Association, and others. 

As a result of the research service and technical transportation 
assistance rendered to farmers cooperatives who do not maintain traffic 
departments, many thousands of dollars have been saved. Many 
cooperative associations without assistance in traffic matters fail to 
take advantage of existing milling-in-transit privileges and the most 
favorable freight rates to reach farmer-members and patrons in 
designated territories. 


F. SOME ADDITIONAL WORK NEEDED 


Factors affecting cost of transportation.—The cost of transportation 
represents an important part of the total expense of marketing agri- 
cultural commodities and distributing of farm production supplies. 
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The rapidly rising increase in transportation and other handling and 
distributing costs necessitates the most efficient use of existing and 
potential forms of transportation facilities and services. These fac- 
tors make it important that every possible improvement in coordina- 
tion be utilized to maintain the required services at minimum cost if 
cooperative organizations and other agricultural groups are to con- 
tinue to serve farmer members and patrons efficiently. 


Repucrion or Waste Turoucu Improvep Packagine MATERIALS AND 
Loaptne TECHNIQUES 


(PMA—RM: c—167—Federal-RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) find practical, inexpensive ways of reducing the present 
excessive loss, damage, and spoilage of various perishable and fragile 
agricultural products in rail and truck transportation; and (2) 
develop and test new loading techniques that will reduce the costs 
of loading, stowing, bracing, and unloading these commodities. The 
current work, being carried out with the active cooperation of 
BPISAE and growers, shippers, transportation agencies, and trade 
associations, deals with the development, testing, and evaluating of 
various methods of loading, stowing, and bracing, by field, laboratory, 
and transportation tests. In addition, work is carried out to assist 
these groups in applying the improved loading techniques to their 
own shipping and transportation operations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-167-1—Development and economic evaluation of less ex- 
pensive and more efficient bulk containers for agricultural commodi- 
ties. To develop more efficient and less expensive bulk containers for 
various perishable and fragile commodities that will better protect 
their contents from bruising, cutting, and similar damage during 
transportation, that will provide better refrigeration and ventilation 
of the commodities, and that will cost less to buy, assemble, and trans- 
port. 

RM: c—167-2—Economic evaluation of different methods of loadin 
various 7 pes of agricultural commodities and containers in rail an 
truck transportation. To determine which methods of loading, stow- 
ing, and bracing different types of containers and commodities will 
effectively reduce the amount of damage, provide the best conditions 
for efficient refrigeration of the commodity during transportation, 
and be more efficient and less expensive to use. 

RM: c-167-3—Reduction of loss and damage through improved 
carrier handling methods and equipment. To determine by transpor- 
tation tests which types of railroad handling methods and equipment 
produce excessive amounts of loss and damage in rail shipments of 

various agricultural commodities and the exact points on the various 
rail routes where the most severe rough handling occurs. This pro- 
gram will be carried out in cooperation with railroads, shippers, and 
distributors to develop improved equipment and secure more careful 
handling of perishable and fragile agricultural products during trans- 
portation 





1496 AGRICULTURAL RESEARCH AND RELATED SERVICES 


RM-c-167-4—Reduction of damage and handling costs through use 
of pallet and unit loading. To develop suitable pa allet and unit load- 
ing of agricultural perishables as a means of reducing transit damage 
and handling costs in loading and unloading operations. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Prior to World War II the amounts of loss and damage suffered 
during farm-to-market transportation by various perishable and 
fragile agricultural commodities were at comparatively low levels. 
Owing to the fact that the market values of the commodities were 
relatively low and the cost of labor and the costs of materials required 
to recondition or repackage the damaged products were considerably 
less than in recent years, the total cost of the damage was also com- 
paratively small. During and following World War II, however, the 
actual amounts of transportation damage to many of these commodi- 
ties doubled, and in some cases, actually tripled or quadrupled. Sub- 
stantial increases in the market value of all commodities and in the 
costs of repackaging and reconditioning caused the total cost of this 
loss to increase manyfold. With an increase in railroad loss and 
damage claim payments for shipments of agricultural commodities 
from $7,361,740 in 1939 to $45,880,786 in 1949, it became apparent that 
some effective program was needed to reduce this wastage of food 
and money. Since little was known about the relative efficiencies of 
the numerous variations of loading several hundred different types and 
sizes of containers used for shipping various commodities, or just what 
type of load or bracing failures occurred under different transporta- 
tion and handling conditions, shippers, distributors, and transporta- 
tion agencies were hampered in tiidas effective steps to reduce this 
excessive loss. The present program under this project is aimed at 
developing, through field, laboratory, and transportation tests, 
improved and more efficient loading and bracing methods, and at 
assisting shippers, distributors, and transportation agencies in 
applying the improved methods effectively to reduce loss and damage 
in transit. Reduction of loss during transportation provides an 
effective means of reducing the cost of shabkotiog farm products. 
Although some limited work in this field has been carried on by 
railroads and shipping organizations for many years, this project 
represents the first extensive effort of the Department to assist 
growers, shippers, and transportation agencies in accomplishing this 
objecti ive. t hese groups participate actively in the research and stand 
ready to give practical application to the results. Part of this work 
has been conducted through seven contracts with private industry and 
trade associations. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures for this work have been as follows : 1948, $11,700 ; 1949, 
$ $56,000 ; 1950, $57, 500. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Reduction of more than half of the current amount of loss and 
damage on cantaloup shipments, a reduction asi + more than $470- 
000 annually, may be effected by use of a new loading method, pre- 
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liminary results of current research have indicated. This may also be 
accompanied by a saving of approximately $320,000 a year in refrig- 
eration costs as compared with the conventional loading method. This 
work is being carried out for the Department under contract by the 
Western Growers Association. 

Saving in refrigeration costs to peach shippers of 5 cents per pack- 
age or $27 per car on shipments from South Carolina to some eastern 
terminals was found to be practicable by use of four-layer-high loads 
instead of the present three-layer loads. Use of the four-layer loads, 
it was found, would also produce savings in railroad haulage costs 
aggregating $84.70 per car on shipments between the same points. It 
was also developed in this research that the use of 1-bushel wire-bound 
boxes for shipping peaches in place of the commonly used bushel basket 
would sharply reduce in-transit damage to the shipments. 

Reduction of damage in rail shipments of shell eggs due to faulty 
loading by as much as 50 percent, by elimination of all slackness in 
loads, was shown to be possible in research conducted on this subject 
by the Department during the last 2 years. The estimated yearly 
savings in damage costs by use of the improved loading method would 
approximate $250,000. This information on recommended loading 
and bracing practices has been made available to shippers, railroads, 
and other interested groups. 

Damage to watermelon shipments can be reduced by 10 percent by 
use of excelsior pads for padding the end walls of the cars instead of 
the commonly used hay or straw, research on more than 17,000 carloads 
of watermelons has revealed. Melons shipped in ventilated boxcars 
were found to suffer less bruising and cracking damage than those 
shipped in refrigerator cars, stock cars, or common boxcars. Some 
varieties of melons were found to suffer three times as much damage 
during rail transportation as other varieties primarily because of 
differences in natural characteristics. This relationship pointed up 
the need for more careful loading and handling of the fragile varieties. 
This information has been made available for guidance of shippers, 
railroads, and other groups. 

Reduction in costs of packing and shipping western-grown lettuce 
are indicated to be possible from the use of less ice in shipping con- 
tainers under a program of research carried on under contract for the 
Department by the Western Growers Association. The savings that 
may be made are estimated at several hundred thousand dollars per 
year. Additional tests are being made to obtain confirmation of the 
preliminary results. 


F. SOME ADDITIONAL WORK NEEDED 


Expansion of work on palletizing and unitizing of loads of agricul- 
tural products.—W ork in this field has just been initiated and has been 
confined to a prelimiary survey to develop some specific information 
needed for planning a comprehensive program of research on this 
subject. The handling of many nonagricultural products has been 
greatly facilitated, and loss and damage costs in transportation sub- 
stantially reduced by use of palletized and unitized loads. Adaptation 
of these techniques to the handling of agricultural products offers a 
very fertile field for reduction of loading, unloading, and transporta- 
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tion costs. The dimensions of the pallet and the cubic displacement of 
the pallet and its load must, of course, be adapted to the best utilization 
of space in the car or truck body in which it moves, with containers 
of proper size and arrangement to fit the pallet. The methods of ar- 
rangement and securing of the pallet and load in the car are likewise 
important. Whether returnable or disposable pallets are best, and 
what kind of either is best adapted to the safe and economical trans- 
portation of a given commodity present additional problems. Several 
types of unitized loads are possible, the whole load being bound 
together, or individual segments of the load secured, both of which 
have possibilities which should be examined to determine what im- 
provements and economies can be made in the transportation of vari- 
ous agricultural commodities. Work in this field has been recom- 
mended by the Transportation, Vegetable, and Potato Industry Ad- 
visory Committees. 

Initiation of research on the feasibility of using large, reusable 
bulk containers for transportation of consumer-size packages and for 
bulk transportation of some commodities from growing areas to re- 
gional prepackaging planis is urgently needed. —A substantial volume 
of fresh oranges, potatoes, and onions are now shipped and marketed 
in consumer-size mesh and paper bags. In-transit loss and damage 
to these commodities resulting from crushing and bruising due to 
overhead weight and breakage of the containers with the subsequent 
exposure of contents to contamination have become real problems. 
Some loss and damage is also incurred in rough handling or break- 
age of containers in loading and unloading operations. The use 
of large, collapsible containers adaptable to fork truck handling in 
loading and unloading offers the opportunity to effect substantial 
reductions in damage ‘and loading costs. With the volume of com- 
modities shipped in consumer-size containers showing substantial 
year-to-year increases, total loss and damage from this source is 
likely to increase in the future. It is therefore desirable that research 
on this problem be undertaken as soon as possible. 

Expansion of the present research to include work on improved 
equipment and loading methods used in transportation of live ani- 
mals is desirable—In 1949 there were enough animals dead upon 
arrival at terminal markets to fill a train 9 miles long. This loss plus 
that suffered from crippled and bruised animals totaled $25,000,000 
worth of meat. In 1947 there were 37,440 hogs, 28,182 sheep, 6,188 

cattle, and 13,053 veal calves dead upon peg at all terminal markets. 
Part of this unnec essary wastage of meat can probably be prevented 
by the use of improved rail and truck iva and handling meth- 
ods. A comprehensive research program in this field carried out in 
cooperation with the National Livestock Loss Prevention Board, pack- 
ers, shippers, railroads, and truckers is the first necessary step in the 
ace omplishment of this objective. 

Expansion of work on improved loading and bracing methods to 
include better methods of loading motortruck shipments of agricul- 
tural perishables is needed.—Practically all of the work on reducing 
transportation loss and damage by improved loading and bracing 
methods conducted up to the present time has been confined to rail 
shipments. With a very substantial increase in the volume of this 
group of products being transported by trucks in recent years, a real 
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need for developing proper methods of stowage and bracing has arisen. 
When various types of containers of different dimensions are shipped 
in trailers of varying inside dimensions, the choice of a loading and 
bracing method that will prevent damage by load shifting and pro- 

vide the best conditions for efficient refrigeration i is of utmost import- 

ance. Information on these subjects for guidance of shippers and 
truckers is urgently needed. 


DEVELOPMENT OF STANDARDS FOR CONTAINERS FOR FRESH FRUITS AND 
VEGETABLES FoR Wuicn No Freperat STANDARDS Exist 


(PMA-—-RM : c—28S6-—Federal—RMA Funds) 
» PURPOSE AND NATURE OF CURRENT WORK 


To assist in reducing marketing and transportation costs by obtain- 
ing information on the types of packages for fresh fruits and vege- 
tables currently in use and upon pac kaging practices. This informa- 
tion will be used as a basis for (1) .« ataloging the sizes, kinds, and 
types of packages now used for fresh fruits and vegetables, including 
consumer packages, (2) appraising containers now used in order to 
develop suggested standards for a desirable number of types and 
sizes, (3) establishing a clearing house of pertinent information con- 
cerning packages, (4) apprising growers and handlers of the diffi- 
culties : arising because of the large number of types and sizes of con 
tainers and packaging practices curre ntly in use, and (5) indicating 
the advantages to be obtained from package simplification, improve- 
ment, and standardization. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : c-286-1—Survey of types and sizes of containers for fruits 
and vegetables now in general use. The work stresses the cataloging of 
packages, package materials, and other pertinent packaging informa- 
tion and the development of information that will facilitate simplifica- 
tion of containers through voluntary industry cooperation. Emphasis 
is being given to the simplification of unit and master containers used 
in pac ‘king and shipping prepacked fruits and vegetables, as well 
as the conventional shipping containers which have been in use for 
some time. In general, the work is aimed at reduction in package 
costs through simplification and the use of a smaller number of kinds, 
sizes, and types. 

The work in progress also provides a clearing house for information 
on all types of containers for fresh fruits and vegetables. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Federal standards for barrels were provided in the Standard Barrel 
Act of 1915. The Standard Container Act of 1916 established three 
standard sizes and dimensions for climax baskets. The Standard 
Container Act of 1928 fixed the standard sizes of hampers, round 
stave baskets, and splint or market baskets. These acts, however, do 
not apply to many of the containers currently used in shipping fresh 
fruits and vegetables. 

This project was the outgrowth of a continued demand on the 
part of agricultural leaders for the development of standards and 
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official designation of containers used in shipping fruits and vege- 
tables and the very evident need for simplification and reduction in 
the number of sizes, kinds, and styles of containers. During World 
War II some of the possible advantages of package simplification 
were demonstrated, and as a result it was believed that a reduction 
in container and handling costs could be effectuated through stand- 
ardization and simplification. If growers, shippers, and the fruit 
and vegetable industry in general become aware of the advantages 
to be obtained through standardization and simplification, it was 
believed that they would readily adopt improved practices. 

According to latest information, the prepacking of fruits and vege- 
tables is carried on by over 1,200 firms prepacking 50 different vege- 
tables or vegetable mixes and 21 fruits. With this expansion, there 
has been a great amount of experimentation in new and improved 
packages, packing material, and packing machinery and equipment. 
The high cost of packaging and packaging materials and the confusion 
brought about as a result of numerous package sizes necessitate stand- 
ardization and simplification. 

The work on this project started early in 1948. 


D. FUNDS—ANNUAL EXPENDITURES 


Expenditures for this work have been as follows : 1948, $4,900; 1949, 
$21,300; 1950, $18,100. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Standardization of packages fostered.—The principal result of this 
work is the gradual awakening of growers, shippers, and other han- 
dlers to the advantages of package standardization and simplifica- 
tion. ‘This is a gradual process in which progress is difficult to 
measure, 

Advantages of simplification indicated to industry.—One of the first 
tasks accomplished under this project was a Nation-wide survey of 
the types and sizes of shipping containers in current use for each fresh 
fruit and vegetable. Results of this survey formed the basis for a 
publication showing the great variety of sizes, shapes, and types of 
containers in use, and indicating to the trade some of the advantages 
that would accrue from package simplification. 

Progress also has been made in a survey of the types and sizes of 
consumer unit and master containers used for prepackaging fresh 
fruits and vegetables showing the increasing confusion in this field. 
Information on tomatoes, whieh is most complete, shows about 81 
slightly different sizes of trays and cartons currently used for 3 and 4 
tomatoes, and 98 different sizes of master containers holding varying 
quantities of these units. Differing constructions add further to the 
confusion of sizes. Specific recommendations for simplification and 
standardization of these containers are being developed for submis- 
sion to the industry as a possible basis for a voluntary industry pro- 
gram. If adopted, these would reduce substantially the number of 
these containers with resulting economies in materials and manufac- 
turing costs, packaging costs, and handling costs. 
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F. SOME ADDITIONAL WORK NEEDED 


Information needed on containers for prepackaging.—The collec- 
tion of additional information upon current practices is needed to 
form the basis for recommendations as to proper sizes and dimensions 
of containers to be used in the prepacking industry. Work is well 
advanced on containers used for tomatoes; work also is in progress 
on containers used for spinach and other greens, salad mixes, and 
apples. Additional data are needed for the numerous other products 
now being prepacked. 

Effects of use of various containers upon returns to growers should 
be studied. — work is needed to determine the effect upon grower 
returns of packaging various fruits and vegetables in different types 
of containers. Some of the changes in packa; ige uses may result in 
reducing returns to growers, and it is desirable to evaluate packages 
in terms of growers’ returns as well as the effect which new packages 
may have upon the physical handling of the product. 


TEMPERATURE REQUIREMENTS IN CoMMERCIAL WAREHOUSING AND 
TRANSPORTATION OF FRozEN Foop 


(BAIC—RM: a-421—Federal—RMA Funds) 


(Cooperation with private organization) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the most economical temperatures for the storage and 


transportation of frozen foods without sacrifice of quality. This is 
done through studies on storage life of frozen foods in common com- 
mercial pac cks at several different frozen storage temperatures. In 
addition to storage at nonvarying temperatures, investigations are 
conducted on storage under conditions where the tempe1 ratures vary in 
patterns similar to those known to occur in transportation of the foods 
to markets, and in storage in commercial warehouses and retail-store 
cabinets. 


B. CURRENTLY ACTIVE LINE PROJECTS 


*Temperature requirements in commercial warehousing and trans- 
portation of frozen fruit. Studies are being conducted on important 
commercial frozen fruit packs, from all important fruit producing and 
packing areas of this country, in order to obtain comprehensive infor- 
mation on temperature requirements in transit and storage of frozen 
fruits. A research foundation cooperates in supplying frozen fruits 
of known history, and commercial refrigerated warehousing and 
transportation facilities. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on temperature requirements for proper storage of frozen 
foods has been part of the work of the Department since the late 1920’s 
However, no facilities had been aredielie to indicate the effect of 
fluctuating temperatures on the storage of frozen foods. Therefore, 


*Line of work for which no symbol has yet been assigned. 





1502 AGRICULTURAL RESEARCH AND RELATED SERVICES 


at the recommendation of the RMA Cold Storage Advisory Commit- 
tee, the present project was initiated in fiscal year 1949. The effects 
on fruit quality of fluctuating temperatures and temperature history 
under typic ‘al transportation ‘conditions were judged of primary im- 
portance and serve as the basis of the present research program. 


D. FUNDS—-ANNUAL EXPENDITURES 


Estimates of expenditures for the Department’s early work in this 
field are not available. Under the ——s project, expenditures were 
approximately $108,000 for fiscal year 1950 and $21,000 for fiscal 
year 1949. These high initial dncidiinns have been made because of 
the need for providing facilities for refrigeration at different tem- 
peratures, which also can be used to provide a variable temperature 
storage mentioned under section A. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Studies on temperature requirements for frozen fruits—The re- 
search findings of the Department from the late 1920’s to the present 
have shown that since practically all frozen foods keep their color and 
flavor better and are much less likely to develop off-flavors at low 
storage temperatures (0° F. and below) than at higher temperatures 
(10° to 15° above), frozen fruits should be stored at temperatures of 
0° F. or below. 


F, SOME ADDITIONAL RESEARCH NEEDED 


An investigation of temperature require ments for storage and tran- 
sit of frozen vegetables and poultry is needed for the preservation of 
quality of these foods in the channels of commerce. 

Basic studies on freezing.—The physical changes occurring during 
freezing, storage, and thawing as they apply to commerci: ally frozen 
foods should be investigated. This would include studies of changes 
in dimensions of the structural portions of the foods, and other effects 
of ice formation on the quality of the food. 


CROSS REFERENCES 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BPISAE—b-S-1, Chapter 13, transportation of deciduous fruits. 
BPISAE—b-8-2, Chapter 12, Transportation of citrus and other subtropical 
fruits. 

BPISAE—b-S8-3, Chapter 14, transportation of vegetables. 

BPISAE—RM: a—45, Chapter 14, spoilage of fruits and vegetables in transit. 

BPISAE, BAI, OES, PMA, FCA—RM: c-415, Chapter 5, methods, equipment, and 
structures for conditioning of grain, seeds, and feeds. 

BPISAE—RM : c-294, Chapter 37, bibliography on physical handling and biology 
of fresh fruits and vegetables. 

BPISAE, PMA, BAE, OES—RM: c-320, Chapter 15, improved shipping to prevent 
potato loss. 

FCA—RM: c—419, Chapter 12, new equipment, ete., to reduce citrus margins and 
handling costs 

FCA—RM : c-84, Chapter 14, merchandizing products processed by horticultural 
cooperé ives. 

BEPQ—Q-a-—6, Chapter 35, inspection of plant materi: ul. 
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BEPQ—RM : c-156, Chapter 5, insect damage to stored grains, cereal products, 
seed stocks. 

BAI—Control of miscellaneous animal diseases and interstate inspection, chap- 
ter 35. 

BAE—a-2-—22, Chapter 1, marketing livestock in the North Central Region. 

BDI, PMA, BAI, OES—RM : c—457, Chapter 1, prepackaging of animal and poultry 
products. 

BAI, FCA—RM: c-126, Chapter 1, meat-type hogs. 

FCA—RM : c-546, Chapter 3, reducing poultry and egg handling, processing, and 
marketing costs. 

BPISAE, PMA- 
ginning cotton. 

PMA—Obtaining adequate marketing, storage, and 
chapter 36. 


RM: c-71, Chapter 10, improved equipment and techniques for 


transportation facilities, 





STORAGE AND REFRIGERATION OF FARM 
PRODUCTS 


Chapter 20—Part II 


ForeworpD 


This chapter on storage and transportation represents a part of the 
research, service, and educational work being done by the USDA in 
this field. The project statements included here are of a cross- 
commodity or functional nature such as improvement in storage 
structures and methods, the use of refrigeration in storing farm com- 
modities, and work concerning the frozen-food industry in general. 

A wide range of projects are under way, however, in the field of 
storage, but a large share of chem deal with specific commodity prob- 
lems, as indicated by the some 40 cross references to such material 
appearing at the end of this chapter. 
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STORAGE AND REFRIGERATION OF FARM PRODUCTS 


DeveLor Improveo Mernops, Srrucrures, AND EQUIPMENT FOR THE 
SAFE STORAGE OF Frvurrs AND VEGETABLES 


(BPISAB, OES—RM : c-413—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop the most efficient and practical types of buildings, 
equipment, and operating procedures for maintaining the best storage 
conditions for fruits and vegetables on the farm and at local shipping 
points; and (2) develop satisfactory methods of cold storage of dif- 
ferent fruits, especially citrus fruits and grapes, and other commodi- 
ties for off-season marketing. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c—413-1—Improve design and operation of cold storages for apples. 
To determine the most eflicient and practical types of buildings, equip- 
ment, and operating procedures for providing and maintaining the 
optimum storage conditions for apples and other tree fruits on the 
Ton and at local shipping points. 

+415-2—Develop methods for cold storage of citrus fruits for 

sioaieas marketing. To deterfnine the best temperatures for the 
storage of Florida Valencia oranges, Duncan and Marsh grapefruit, 
Texas Marsh grapefruit, and California lemons. Determine the safe 
commercial storage life and how to lengthen it by eee of maturity 
of fruit for storage and treatments to ‘control deca 

c-413-3—White potato storage and marketing ‘cients for 
New Jersey, Long Island, and Pennsylvania areas. To determine the 
most efficient and practical types of buildings, equipment, and operat- 
ing procedures for the storage of potatoes on the farm and at local 
shipping points under the climatic and marketing conditions ex- 
perienced in the potato-producing areas of New Jersey, Long Ish: ind, 
and eastern Pennsylvania. 

c-413-4—Develop methods for control of molds and decay affecting 
California grapes during cold storage and marketing. To determine 
how grapes ‘become infec = with Botrytis rot, when it takes place, and 
conditions favorable for it; when fumigation with sulfur dioxide 
is most effective in killing of infections, and the best fumigation pro- 
cedure for cold storage and shipment. 

c-413-6-ES-—54 (Indiana)—Causes and prevention of incompati- 
bility in refrigerated storage in the marketing of agricultural com- 
modities. To (1) determine chemical nature of volatile substances 
responsible for odor and flavor contamination in storage, (2) study 
possible methods of detecting odors and measuring odor levels, (3) 
develop suitable chemical or physical absorbents or destroyers of ce - 
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in food-storage rooms, (4) develop methods to prevent absorption of 
odors by food containers, storage-room construction materials, and re- 
frigerating equipment, and (5) determine compatibility of commod- 
ities formerly not stored under refrigeration and other products whose 
storage requirements have not been ‘definitely determined. 


C. HISTORY AND EVOLUTION OF THIS WORK 


A pple storages.—This project was started in 1948 following earlier 
work on development of principles of air circulation and temperature 
control in storage buildings. ‘Two recent developments in the storage 
of apples and other commodities are (1) use of pallets for handling 
larger units than single containers, and (2) employment of activated 

carbon for removal of odors from storage- cae air. What palletized 
héodling does to rate of cooling and uniformity of temperatures is of 
prime importance e and the value of air- -purification equipment in apple 
storage needs to be determined. Cold storage Eee an important part 
in the marketing of apples for it lengthens the season from fall to 
early summer months. There is no other fruit stored in as great 
quantity. Good storage, quick cooling, and uniform temper atures are 
essential to the apple industry 

Citrus fruit storage—Much work has been done on the cold storage 
of oranges, but investigators ee as to the best temperature to 
use, whether it should be 32°, 36°, or 40° F. Higher temperatures of 
55° have been recommended te generally “for grapefruit and 
lemons, since they are subject to low-temperature injury. The higher 
temperature prevents physiological troubles of citrus fruits, such as 
pitting of the skin, but gives poorer control of decay. Control of 
decay is more important “than prevention of skin blemishes for the 
market storage of citrus fruits. Therefore, a comparison of lower 
temperatures “of 32° and 38° with 50° or 55° F. for such fruits. as 
grapefruit and lemons has been desirable. 

California grapes—lIncreased production of table varieties has 
brought a need to extend the marketing season beyond the harvest 
period. With a crop of 10,000 cars of Emperors to be expected any 
year, it is necessary to store into late March and April. The early 
work of this Bureau at the Fresno, Calif., station indicated this is pos- 
sible by intermittent treatment of the fruit with sulfur dioxide in 
storage to retard growth of mold. It is upon this practice that the 
present storage of 5,000,000 packages of grapes annually has been 
built, and the ascendancy of the Emperor variety to be the most im- 
portant of all table varieties. 

Serious losses are suffered during some seasons because of infections 
of the fruit in the vineyard with Botrytis rot and failure of present 
storage practices to stop its growth. More information is needed on 
how infections take place and the measures that may be taken to pre- 
vent or eradicate them. 

Causes and prevention of incompatibility in refrigerated storage of 
agricultural commodities—The transfer of odors from one commodity 
to another, as from onions to potatoes or apples, or cheese to eggs, alls 
for separate storage rooms and increased costs. The removal or de- 
struction of odors would make all-purpose storage rooms feasible. A 
related problem is the removal from the storage-room air of volatile 
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emanations produced by fruits and vegetables that are known to 
accelerate ripening of fruits. 


D. FUNDS—-ANNUAL EXPENDITURES 


Allotments to BPISAE were $34,300 in 1949 and $53,200 in 1950; 
to New Jersey, $1,500 in 1949 and $6,000 in 1950; to Indiana, $15,000 in 
1950. The total allotments to this project were $35,800 in 1949 and 
$74,200 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Gain in storage practices for Florida Valencia oranges.—The work 
on citrus storage has shown that Florida Valencia oranges can be held 
in cold storage in good sound condition for 3 months, that midseason 
—- have the best storage quality, and that 32° is superior to 38° 

‘. or higher temperatures. Application of these results to the com- 
mercial storage of Florida oranges has begun and several hundred 
carloads of oranges have been stored successfully. 

Some eae of Botrytis rot determined.—Some of the factors that 
are conducive to the infection of grapes with Botrytis rot have been 
revealed by the studies initiated last year. The presence of free mois- 
ture for several hours appears to be essential for infection, high hu- 
midity following removal of free moisture favors high percentage 
of infections, and the organism can gain entrance through sound skin; 
wounds are not necessary for infection, for the fungus excretes an 
enzyme which dissolves the cell walls of the grape skin. 

Stacking methods for fruit stored on pallets —Because of increased 
labor costs, handling of fruits on pallets which hold large numbers 
of individual packages has replaced manual handling in many storages 
during and since the war. Pallet handling interferes with cooling 
but methods of stacking or circulating air have been worked out to 
give sufficient exposure of pallet-stacked fruit for satisfactory cool- 
ing. 

Reducing refrigeration losses in fruit cold storages due to pallet 
handling. The large door openings required to pass a fork-lift truck 
with loaded pallet also permit loss of large amounts of refrigerated 
air—particularly at loading time when doors may stand open 8 hours 
out of the 24 at the time refrigeration is most needed. Studies in the 
Wenatchee area of Washington showed these door losses to amount 
to 30 or 40 percent of plant capacity under favorable conditions and 
a great deal more under extreme conditions. Study of methods of 
door closure to reduce these losses resulted in development of a rubber 
flapper door that is open only during an actual pasage of a load and 
closed the remainder of the time. 

Potato storages presently used in New Jersey found by field study 
to be poorly adapted to long-period storage. For a 5-month storage 
period, losses in below-ground, above-ground, and refrigerated stor- 
ages, respectively, were found to average 11.5, 7.2, and 6.2 percent. 

Market studies indicate a 5- to 6-month storage period was necessary 
to insure profit on potatoes stored in New Jersey for most of the 
years 1919 to 1947. 

Causes and prevention of incompatibility in refrigerated storages.— 
Activated carbon air purification failed to give scald control in three 
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apple varieties in a 10,000-bushel storage in Indiana. There was 
a high odor level in the room. Tests showed that activated carbon 
loses some of its adsor ptive properties in air of high relative humidity 
such as exists in storages. Chemical analyses are in progress to iden- 
tify the emanations from apples absorbed by the activated carbon. 


F. SOME ADDITIONAL WORK NEEDED 


Control of storage environment.—Maintenance of proper environ- 
ment is essential to satisfactory storage of fruits and vegetables. Prac- 
tical methods and equipment for the automatic regulation of air tem- 
perature, relative humidity, circulation, and other environmental fac- 
tors are needed so that proper storage conditions will be maintained 
even during the absence of an operator. 

Improv ement of handling equipment and methods.—Stored perish- 
ables suffer mechanical injury from improper handling as well as de- 
terioration from improper storage environment. Better methods and 
equipment for handling these products into and out of storage. are 
needed to reduce the amount and severity of injuries and get the prod- 
ucts to market undamaged. 

Grape storage.—Refinements are needed in the handling and storage 
of grapes. These must await more knowledge of Botrytis, the fungus 
that causes greatest loss; of whether reinfection takes place in stor- 
age, and of whether it can be stopped at certain stages by fumigation 
with sulfur dioxide. 

Storage air purification.—A better adsorbent than activated carbon 
is evidently needed if any real progress is to be made in this field. In- 
formation is needed on the volatiles that are produced by fruits and 
vegetables which are physiologically active. 


Cotp SToracEe or Eprints Nuts, Inctupine SuHeLtLtep PEANUTS AND 
PECANS 


(BPISAE-RM: e-514—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop methods of storing and handling edible nuts, par- 
ticularly shelled nuts, and (2) prevent rancidity, moldiness, and flavor 
deterioration and maintain high quality in nuts packaged for the re- 
tail trade. Large quantities of both shelled and unshelled nuts are 
stored for extended periods, frequently from one season to another. 
In ordinary storage, insect infestation 1s serious except in cool or cold 
weather. Rancidity and undesirable flavor changes become serious 
with increasing lengths of storage, particularly in “shelled nuts. The 
influence of such factors as curing, oil and moisture content, storage 
temperature and humidity, and packaging on the marketability of 
shelled nuts is being investigated. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c-514—1—Storage of shelled edible nuts as affected by pack- 
aging, antioxidants, temperatures, and humidity. The storage and 
shelf life of nuts when tre: ted with various antioxidants, in different 
packages when held at 7’ and cold storage temperatures is under 
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test. Pecans and peanuts are under test; walnuts, filberts, and al- 
monds will be included. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The investigations on nut storage date back to about 1926 when the 
results of early tests were published in Ice and Refrigeration, volume 
70:1. The studies were continued and summarized in Technical 
Bulletin 770 in 1941. The present project, which deals with newer 
practices, particularly storage of shelled nuts, was initiated in the 
fall of 1949. 

D. FUNDS—ANNUAL EXPENDITURES 


The allotment for this project was approximately $10,000 in 1950, 
the year it was started. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


During the first year of these studies importance of low tempera- 
ture storage for pecans has been shown, as also has the desirability of 
properly controlled humidity conditions. The cardboard tartons 
currently used for commercial storage of shelled nuts have been found 
in many cases to impart to stored nuts undesirable flavors, which are 
not present in other types of packaging. Chemical methods for de- 
tecting the start of rancidity in nuts are being developed. 


F. SOME ADDITIONAL WORK NEEDED 


Studies of other types of nuts.—These investigations should include 
filberts and walnuts particularly, and other types of nuts produced 
in the United States. Packaging of both unshelled and shelled nuts 
needs to be studied to develop a suitable, economical package for both 
warehouse storage and the retail market. 


REFRIGERATION OF FRUITS AND VEGETABLES AT SOURCE AND AT MARKET 
(BPISAE-RM : c-53—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop and apply effective and practical methods of refriger- 
ating fruits and vegetables in producing areas and after arrival at 
the market, especially in wholesale and retail channels, with a view 
to reducing losses due to chilling, aging, wilting, discoloration, or 
other deterioration of produce. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: c—52-1—Refrigeration of fruits and vegetables after arrival 
at terminal markets. ‘To determine the shelf life of various kinds of 
produce in retail stores when displayed on various types of refriger- 
ated and nonrefrigerated counters and stored under different condi- 
tions during and after shopping hours, and to determine the quality 
of fresh produce and causes of deterioration in retail channels. 
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RM: c-52-2—Precooling and refrigeration at the source. To test 
and evaluate methods of rapidly lowering the temperature, such as 
tunnel cooling, vacuum cooling, hydrocooling, and other methods. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The importance of rapid lowering of the temperature of most kinds 
of fresh fruits and vegetables prior to shipment was demonstrated 
many years ago. The purpose of recent experiments has been to test 
and evaluate the new and more efficient methods of precooling. 

Surveys of retail markets in three large cities were initiated in 1947 
to determine the nature and extent of fresh-produce spoilage in retail 
food stores. Decay, shrinkage, and loss of fresh and attractive ap- 
pearance were found to cause serious losses in some markets depending 
on the type of display case and method of storing during after-shop- 
ping hours. Experiments were undertaken at Beltsville in 1948 in 
a laboratory equipped with various types of store display cases to 
determine the shelf-life of vegetables under retail conditions and 
the effect of various factors on different kinds of vegetables and fruits. 


D. FUNDS—ANNUAL EXPENDITURES 


Annual expenditures were $10,400 in 1948, $15,100 in 1949, and 
$16,900 in 1950. 


E. OUTSTANDING ACCOMPLISHMENTS 


Improved handling practices in retail stores.—Studies so far show 
that faulty handling of produce in the retail store causes deep bruises 
and increases decay ‘that could be prevented with more careful packing 
and handling treatment. Also, the development of decay can be 
greatly reduced by adequate refrigeration during after-shopping 
hours. 

Vacuum cooling.—Experiments with the newly developed vacuum 
method of precooling showed that it was very efficient for leafy vege- 
tables, but not so efficient for roots or fruits. The produce was cooled 

rapidly to 82° F. to the center of the head or package in about half an 
hour. Cooling is accomplished by evaporating water from the com- 
modity by exposing it to a vacuum low enough to cause “boiling” at 
cold temperatures. The method is especially valuable for cooling 

vegetables after they have been prepacked in consumer packages. 
Vacuum cooling eliminates the need for package ice, thus reducing 
shipping weight and bruising. 

Tunnel cooling.—Research at Fresno, Calif., has contributed to the 
development of equipment for tunnel cooling of grapes and other 
fruits and determining the efficient application of this method of pre- 
cooling before storage or shipment. Under this method, the fruit is 
cooled en route to the refrigerator car by being passed through a 
tunnel in which high-velocity cold air is directed at the unlidded lugs. 

Hydrocooling. —Investigations of hydrocooling (by immersion in 
water) have contributed to the development of efficient machines for 
this purpose and its application to asparagus, peas, celery, and other 
vegetables. Benefits from addition of disinfectants to the water have 
been investigated. 
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F. SOME ADDITIONAL WORK NEEDED 


Further studies on the shelf life of fresh produce in the retail market 
are needed in order to obtain information on all kinds of commodities 
produced at different times of the year in different parts of the country. 

Further investigations of vacuum precooling are needed to develop 
the full possibilities of this method. Lack of accurate information 
currently is holding up adaptation and use of this new method. 

Tunnel cooling needs further study to develop its full usefulness 
for various commodities. 


Cotp Srorace Reports 
(PMA-Federal—Market News Service) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To collect, tabulate, summarize, and disseminate market informa- 
tion concerning the national supply of foodstuffs in refrigerated stor- 
ages. In addition to reporting commodity storage statistics, the Cold 
Storage Report is also concerned with reporting the extent to which 
the Nation's refrigerated warehouses are filled each month (storage 
occupancy), in order to provide current information on the relative 
availability of refrigerated storage space. 


B. CURRENTLY ACTIVE PHASES OF THIS WORK 


On the 15th of each month the Cold Storage Report is released in 
Washington and telegraphed over the Department’ s leased wire to 
5 Production and Marketing Administration field offices for further 
dissemination in their respective areas. This report provides market 
statistics on a regional and State basis for some 84 food classifications 
in public, private, semiprivate, and meat-packer refrigerated storage 
facilities. Storage occupancy by States and selected cities also is 
reported in each monthly release. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigation of the cold-storage industry was one of the major 
projects of the United States Department of Agriculture in 1911 to de- 
termine whether cold storage warehousing was being used to “corner 
supplies.” The Secretary of Agr iculture in his report gave a clean 
bill of health to the industry and recommended that periodic reports, 
similar to crop reports, on storage supplies be made available to the 
public. This recommendation was first carried out in December 1914 
when the first Cold Storage Report—for apples only—was released. 
Cold-storage reperting re ally got under way, however, in 1916 with 
the addition of butter and shell eggs to the questionnaire. As the 
need for more comprehensive cold-storage information became appar- 
ent in the years that followed, more commodities were added to the 
Cold Storage Report questionnaire. The current questionnaire covers 
many classes of fresh and frozen fruits and vegetables, and dairy, poul- 
try, and meat products. At present, over 28,000 Cold Storage Reports 
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are mailed from Washington each year, and additional wide distribu- 
tion is effected through outlets such as trade journals and magazines. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Prior to fiscal year 1939 this activity was reflected in commodity 
project reports. In 1939 the Cold Storage Reports project was set up 
at $14,200. Although no specific appropriation increases have been 
earmarked by Congress for this work, a proportionate share of com- 
modity project increases has been applied to this work during the past 
21 years. This accounts for the fact that by 1950 a total of $37,450, or 
almost double the 1939 amount, was available for issuing the greatly 
expanded Cold Storage Report. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in locating storage space.—During World Wars I and II 
the Cold Storage Report provided national defense : agencies with vital 
information on the national food supply, and by a close working rela- 
tionship with the refrigerated warehousing industry, it was possible to 
locate refrigerated space readily for military and civilian storage 
programs. The Cold Storage Report also assisted the Department 
in locating storage fac ilities for foodstuffs bought under the price- 
support programs, and for the past 3 years has provided supply in- 
formation on tree nuts in storage for the determination of marketing 
cuotas under the Agricultural Agreements Act. 

A survey of refrigerated storage capac ity is made biennially to de- 
termine the number and capacity, by temperature ranges, of refrig- 
erated storages in the country. This survey has been made ever since 
1921 and has provided valuable information on the growth of the re- 
frigerated storage industry. It is also used in planning an orderly 
and efficient expansion program where it is needed. 


F, SOME ADDITIONAL WORK NEEDED 


Broader coverage of stocks would improve reports —For the past 
34 years, the Cold Storage Reports have provided accurate and reliable 
information on market supplies by constant review of the question- 
naire used to collect the basic data. In this manner, commodities which 
were no longer significant in the storage picture were dropped and new 
commodities, for example, frozen foods, were added. With the signifi- 
cant advances in food technology and refrigeration in recent years, 
many storage practices have been altered with the result that sizable 
amounts of frozen foods are held in wholesaler, jobber, and dis- 
tributor refrigerated facilities. These facilities do not now report 
their food supplies, because the definition of reportable stocks which 
was established in 1916 includes only stocks in warehouses that store 
food commodities for 30 days or longer; therefore many wholesalers, 
jobbers, and others are exempt. This unreported supply may be of 
significance. Therefore, some study should be made to determine 
the problems and feasibility of bringing data on this unreported sup- 
ply into the Cold Storage Report. 

Storage occupancy in common storages (nonrefrigerated) } 1s an un- 
known factor to those who are engaged in the procurement, shipping, 
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and storage of nonrefrigerated commodities. On the other hand, in- 
formation on the relative availability of refrigerated storage space is 
collected by questionnaire each month and published periodically. To 
provide a more complete picture of the storage space avail: ible each 
month, in all types of storages, consideration should be given to the 
inauguration of monthly reports on warehouse occupancy in non- 
refrigerated food storages. 


Survey or Frozen-Foop Locker PLants In ‘THE UNtrep STares 
(FCA—BAE—RM: c—551—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) provide basic information on the growth and development of 
the frozen-food locker industry in the United States, to indicate trends 
which have taken place in the industry, and (2) evaluate its importance 
as a means of processing, conserving, and storing locally produced 
food, and its possibilities in reducing costs of marketing and distri- 
bution. 


B. CURRENTLY ACTIVE LINE PROJECT 


RM: c—551. Survey of frozen-food locker plants in the United 
States. To provide (1) basic estimates as to type of ownership, 
patronage, services, rates and charges, volume of major kinds of food 
processed, and capacity of locker plants, by States and regions; and (2) 
to obtain information regarding the relationship between locker pl ints 
and home units. This project was requested by the National Frozen 
Food Locker Association and was carried on in cooperation with the 
Bureau of Agricultural Economics. 


C. HISTORY AND. EVOLUTION OF THIS WORK 


Because of the interest on the part of farmers’ cooperatives and 
banks for cooperatives in the possibilities, growth, and development 
of the frozen-food locker industry, the Farm Credit Administration 
in 1940 conducted a survey of all the locker plants in the United States. 
Since that time, due to the active interest shown in the results of this 
study by cooperatives and the public in general, five additional surveys 
have been conducted (FCA Miscellaneous Reports 24, 41, 81, 105). 

These surveys have registered the major changes which have taken 
place in number and location of plants, in capacity, rates and charges, 
ownership, patronage, services, and in volume and kinds of food 
processed. They show that since 1940 the number of locker plants has 
increased from 2.500 to nearly 11,500, and the number and kinds of 
services rendered have been greatly expanded. 


D. FUNDS—-AN NUAL EXPENDITURES 


Allotment for fiscal 1950 was approximately $12,000; $2,000 has 
been allocated for fiscal 1951 to complete the project. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Since these surveys were begun in 1940, the results reported have 
been widely used by the locker plant industry, financing agencies, 
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manufacturers and suppliers, educational institutions, Government 
and State agencies, and by individuals interested in entering this type 
of business. 


F. SOME ADDITIONAL WORK NEEDED 


While a survey of this character is not needed every year, it would 
seem desirable to conduct. one ever y 4or5 years. 


Researcu, Service, AND EpucartionauL ASSISTANCE FOR FrRozEN Foop 
Locker CooPERATIVES 


(FCA—No. a-1-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To assist in the development and operations of frozen-food locker 
cooperatives, as authorized by the Cooperative Marketing Act of 1926 
(Public No. 450, 69th Cong. ). Such assistance includes research, serv- 
ice, and educational work in all phases of organization and operation. 
At present, work is concerned mainly with (a) operating costs and 
methods of reducing costs; (2) improvement in operating techniques 
and operating efficiency, development of new services and equipment 
suitable for small-plant operations; (¢) expansion of market outlets 
for locally produced food; (d@) coordination of locker-plant marketing 
operations with those of livestock, poultry, and fruit and vegetable 
groups; and (é) dissemination of information based on rese: arch find- 
ings to cooperatives, State locker associations, educational institutions, 
and foreign countries. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—1-3-3—Analysis of operations of Illinois cooperative locker asso- 
clations. To conduct annual business analysis study of approxmately 
100 cooperative frozen-food locker plants in Illinois for the purpose 
of obtaining information on rates and charges, volume processed, 
power consumption, operating methods, income, expense, and net sav- 
ings. To furnish information from a comparative analysis of opera- 
tions to serve as a guide in appraising individual lant operations 
along such lines as adequi icy of rates and charges, efficiency of labor 
utilization, influence of size, type of plant, and volume of food proc- 
essed upon net savings, efficiency of refrigeration, and need for adding 
or expanding services. Request for this study was received from the 
Illinois Cooperative Locker Service and from the St. Louis Bank for 
Cooperatives. 

a—1-3-1—Analysis of operations of frozen-food locker cooperatives 
in Ohio. To cenduct a business analysis of 14 cooperative locker 
plants to serve as a guide in appraising individual plant - rations 
along such lines as adequacy of rates and charges, influence of size and 
type of operation of plants on net savings, efficiency of labor utiliza- 
tion, efficiency of refrigeration, and possibilities for expanding and 
improving services. Request for this study was received from 14 coop- 
erative locker plants in Ohio. 

Service and educational projects.—To prepare publications, speeches, 
charts, and other educational material based on research findings for 
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use at conferences of cooperative managers and directors, State and 
national meetings and conventions of locker- plant operators, training 
short courses in colleges, and articles for publication in magazines and 
trade papers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Cooperative creameries on the Pacific coast were pioneers in the 
locker-plant business, starting in the early 1920’s. It was not until 
the middle 1930’s that much interest was shown in other parts of the 
country. By 1938 requests were received from cooperatives and-groups 
of interested farmers for information on this new service. In 1938 the 
Department conducted a study of the organization set-up, financing, 
construction, operating methods, and potential possibilities of this 
type of enterprise, and published one of the first circulars issued on 
this subject (FCA Circular 107). In 1940 the first national survey 
of locker plants was conducted, and since that time five additional 
surveys have been made. 

Among the early projects undertaken were those of developing 
organization procedures, organization forms, methods of financing, 
constructing, and operating locker plants for the assistance of inter- 
ested groups of farmers wishing to enter this new business. 

Later on, as locker cooperatives were confronted with operating 
problems, business analysis studies of groups of cooperative locker 
plants were conducted for the purpose of comparing operating meth- 
ods, rates, power consumption, volume, income, expenses, and net 
savings. 

As new and expanded services, such as slaughtering, poultry dress- 
ing, curing, and smoking were added, additional studies were con- 
ducted of these operations in order to obtain information which would 
assist operators in conducting these new services. 

All of these, as well as earlier activities, are still carried on in re- 
sponse to requests for service assistance. Current work deals more 
with cost studies and assistance to boards of directors in determining 
operating policies and methods. 


D. FUNDS-——-ANNUAL EXPENDITURES 


Since 1940, when the Frozen Food Locker Section was established, 
annual appropriations have ranged from $9,000 to about $24,000. 
Allotments for 1949-50, including research, service, and educational 
work, are approximately $24,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Assistance in organization and operating problems.—Since the be- 
ginning of the project in 1940, assistance has been given to groups of 
farmers and to cooperatives operating other business enterprises in 
organizing, financing, constructing, and operating locker plants. Re- 
sults of studies dealing with organization, operating methods, services, 
and costs, as well as surveys showing over-all chat ies and trends which 
have taken place in the industry, have been widely used by coopera- 
tives, private operators, financing agencies, educational institutions, 
and manufacturers and suppliers ‘of equipment. 
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Coordinating agency during war.—During World War II the Farm 
Credit Administration was designated as the coordinating agency to 
pass on applications for priority for materials to be used in the con- 
struction of locker plants. Substantial assistance was also rendered 
to the industry, as well as to the War Production Board and the Office 
of Price Administration, in the practical application of wartime 
controls. 

Results of studies applied.—Results of comparative analyses and 
cost studies have been used as guides by managers and directors of 
cooperatives and others to improve the operating efficiency in their 
plants. As indicative of the interest evidenced in the research work 
carried on during the past year, findings of these studies have been 
presented before 13 State and national meetings of locker operators 
in the United States and Canada, as well as at numerous local and 
regional conferences of cooperative managers and directors. 


F. SOME ADDITIONAL WORK NEEDED 


Additional research is needed to determine costs and margins.— 
This type of research especially is needed, since cooperative locker 
plants have expanded and diversified their operations into commercial 
a tivities, so that management may have a basis for determining rates 
and charges for the special operations. 

Utilization of byproducts.—Additional research is also needed to 
improve processing techniques and methods, especially as related to 
the more efficient utilization of byproducts. 

Coordination with other cooperatives.—Additional research is 
needed to develop plans for closer coordination between locker co- 
operatives and marketers of livestock, poultry, dairy products, and 
fruits and vegetables. Substantial savings in procurement, trans- 
portation, selling, and advertising appear “possible. 
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FORESTS AND FOREST PRODUCTS, INCLUDING 
RANGE AND WATERSHED INVESTIGATIONS 


Chapter 21—Part II 
ForEworD 


This chapter covers research activities of the USDA for the preser- 
vation and advancement of one of the Nation’s basic resources— 
forests and forest products. Production studies apply to such sub- 
jects as forest management, fire control, watershed protection and 
management, range management and reseeding, forest surveys, eco- 
nomic research, and insects and diseases that affect forests and forest 
products. Utilization research covers a large variety of subjects, 
examples of which are seasoning of wood, protection of wood from 
fire, harvesting the timber crop, wood-waste utilization, the chemistry 
of wood preservation, and naval stores investigations. Marketing 
work is concerned chiefly with markets and prices for farm forest 
products. 

Following each of the production, utilization, and marketing sec- 
tions of the chapter are cross-references to project statements in other 
chapters which include some work concerning forests and forest 
products. 
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A. PRODUCTION 
INVESTIGATIONS IN SILVICULTURE 
(FS-D-1-1—Federal—Regular Funds) 

A. PURPOSE AND NATURE OF CURRENT WORK 


To learn how to handle forest stands throughout their lifetime so 
as to improve their rate of growth and yield of useful timber products 
and to assure the reproduction of new stands of valuable tree species. 

We have over 150 commercially valuable forest tree species growing 
naturally in 80 or more important mixtures (forest types). Some 
mature in 25 years and some require more than a hundred years to 
mature. The study of these life cycles i is a long-time job. 

Proper care of growing forests requires specific information on the 
habits and needs of individual tree species and mixtures of species. 
Successful establishment of new forests requires for all important 
tree species specific knowledge of conditions favorable to seed pro- 
duction and germination, the e arly survival of young trees, and the 
way different methods of cutting and other treatments may affect 
those conditions. While work is being continued on a broad front 
current emphasis is on such problems as preparing favorable seed 
beds by scarification of the soil or burning of the leaf litter; increas- 
ing seed production of seed trees by thinning out the trees crowding 
them, or by fertilizing them; encouraging the species we want through 
the control of unwanted trees by girdling, burning, poisoning, and 
use of hormones; combating insect and fungus pests by treatments 
to favor resistant trees and to increase health and v igor of the forest ; 
obtaining cheap abundant natural regeneration as part of harvest 
operations; and treating forests so as to produce wood products 
without injury to the w ater- -yielding capacity of the land. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-1-1-1—-Harvest cuttings. To develop methods of harvesting the 
eighty-odd important timber types that will insure establishment of 
succeeding crops of desirable tree species. 

D-1-1-2—Intermediate harvest cuttings. To develop for young 
stands of all the important timber types of the United States profit- 
able methods of cutting selected merchantable trees to improve com- 
position, quality, growth, and health of the remaining trees. 

D-1-1-3—Stand i improvement. To develop for the im port ant tim- 
ber types techniques and methods for most economically removing 
unmerchantable trees or parts of trees from forest st: sea whereby 
the quality, growth, health, and composition of the remaining trees 
can be improved. 


1525 





1526 AGRICULTURAL RESEARCH AND RELATED SERVICES 


D-1-1-4—Silvics. To determine life histories and reactions to 
environmental factors for the one-hudred-and-fifty-odd important 
timber tree species and thousands of associated forest tree, shrub, and 
herbaceous species of the United States. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Although some attempts had been made to practice good forestry 
on large country estates in the eastern United States in the late 1800°s, 
the first real need for information on the silviculture of our important 
timber types came with the initiation of management of the national 
forests in 1905. Since that time the rapid development of demand 
for forest products and the shrinking supplies of virgin timber have 
made timber production a profitable \ venture for private landowners. 
Research has moved from development of extensive methods aimed 
at preventing devastation of forest lands to the building up of infor- 
mation needed for intensive handling of woodlands to make them 
produce the most valuable timber crops at a maximum rate. As uses 
develop for species and forest types once considered worthless, re- 
search has expanded to include the study of these species and types. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Funds spent on silviculture research are not accounted for sepa- 
rately from other forest management research. Rough estimates indi- 
cate that about $50,000 was spent in 1905, about $36,000 in 1920, about 
$206,000 in 1930, and about $354,000 in 1940. ‘The amount has risen 
to about $855,000 in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Timber-growing and logging-practice recommendations for the 
major forest regions of the country, published in a series of bulletins 
in the 1920°s and 1930's, brought together and systematized the some- 
what scattered knowledge that had been gained through research 
and experience on the national forests, for the guidance and encour- 
agement of timber industries that were beginning to try out on their 
own lands the growing of timber crops. 

A study of the reproductive habits of Douglas-fir revealed that 
(1) excessively high soil-surface temperatures kill young seedlings 
and are a major reason for failure of many cut-over stands to become 

restocked; and (2) young trees cannot tolerate more than half shade 
from older trees and shrubs, but some shade is beneficial in keeping 
down soil-surface temperatures. From this study came the recom- 
mendation that Douglas-fir be cut in blocks or strips narrow enough 
so that no part of the cleared area is more than one-fourth of a mile 
from the uncut timber, whence seeds will be shed to restock it. 

Growth rate of ponderosa pine can be doubled if stands are cut 
lightly every 10 to 20 years rather than cut heavily every 40 to 60 
years, a practice formerly used. This finding made possible an in- 
crease of 10,000,000 board feet in the annual cutting budget of one 
national forest in Arizona, increasing the Government’s income for 
stumpage by $50,000 and the gross yearly return to lumber mills in 
the vicinity by $550,000. 
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Silvicultural methods have been developed for combating insects 
and diseases in a number of forest types——White pine blister rust 
can be controlled by getting rid of the alternate host of the disease, 
wild gooseberry bushes. If cutting of the forest is carefully con- 
trolled so that light intensity is between 40 and 50 percent of full 
sunlight, dormant gooseberry seeds will germinate, but the plants 
will be unable to grow. Tec hniques have been worked out for mark- 
ing stands to get this light intensity after cutting. In ponderosa 
pine, mort: lity. can be greatly reduced by cutting out the old over- 
mature trees most susceptible to bark beetle attack. Similarly, in 
spruce-fir stands of the Northeast it was found that by ridding stands 
of certain types of balsam fir trees that are especially attractive to the 
budworm, the depredations of the spruce budworm can be lessened. 

Northern hardwood stands in northern Michigan will grow most 
rapidly where about 6.000 hoar “dd feet of timbe r per acre as le ft follow- 
ing cutting.—This type reproduces itself best by means of partial 
cuttings, and maximum continuous yield can be obtained only when 
the trees are given room enough to grow but not so much room that 
space is wasted. 

Techniques have been develope d for killing unwanted weed trees 
that crowd valuable trees.—Roots of many weed trees live and sprout 
vigorously after the trees are cut, and the sprouts may do as much 
harm as the original trees did. It has been found that cutting during 
the early summer will reduce sprouting, and that applying certain 
poisons and plant hormones to the stumps or in notches cut into the 
tree trunks will kill them, roots and all, so that they will not sprout. 
In some cases chemicals sprayed on trunks of trees without any cutting 
will kill them completely and prevent sprouting. Over 100,000 acres 
per year are being improved in the South since these methods were 
discovered, and other regions are beginning similar operations, 

Methods of using fire to favor pine, discourage less valuable hard- 
woods. and CON) trol disc AS¢ have heen work d out. —When properly 
controlled, fires can be used to kill the tops of young hardwoods and 
to burn heavy accumulations of leaf litter so that pine seeds can fall 
on mineral soil where they germinate and grow best. This method 
is being used widely in the longleaf pine type in the Southeast to 
bring in a new crop of longleaf seedlings following cutting and to 
control the “brown spot” disease which attacks this species in seedling 
stages. 

Ntudies of seed produc tion of loblolly pine s have made it possible to 
pick out proli fie seed hearers and to predict a year in advance the 
probable yield of seed.—These findings are of great use in selecting 
seed trees and in timing timber cutting so that a plentiful supply of 
seed will be available to start the new c rop of trees. 


F. SOME ADDITIONAL RESEARCH NEEDED 


Development of methods of cutting for reproducing and increasing 
yield in fore st types that have become merchantable only recently.— 
Such types include lodgepole pine in the Rocky Mountains; aspen in 
the Lake States and the Rocky Mountains; northern hardwoods in the 
Northeast; swamp forest types in the Lake States; bottomland hard- 
woods in the South; and mixed conifer types in the Rockies and 


California. 
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Studies in tree physiology.—Basic information is needed on the 
physiology of seed formation; on the requirements for successful 
germination and survival of natural reproduction; on the conditions 
that favor best development of trees; and on the internal transporta- 
tion of food and water in trees. Why in certain species do complete 
seed crop failures occur periodically? Why is it so difficult to estab- 
lish sugar pine reproduction? Why does eastern hemlock left in 
partial cuttings die? How are hormones and poisons transported in 
the tree sap stream so as to kill the root system? These are among 
the practical questions that could be answered by basic research in 
tree physiology. 

Studies in forest ecology und forest soils—Fundamental work in 
ecology and soils is needed to help solve the problems of the invasion 
of brush in ponderosa pine lands in California and low value hard- 
woods in the southern pineries; to find reasons for the natural distri- 
bution of tree species, including the effect of infrequent extremes of 
weather such as hurricanes and glaze storms; and to determine the 
effect of soils on forest, and of forest on soils. 


INVESTIGATIONS IN THE MANAGEMENT OF ForESTS 
(FS—D-1-2—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop and test methods of managing forests so that they will 
yield maximum benefits to society. To this end, costs and returns 
from different silvicultural procedures are tested and compared; 
methods are worked out for obtaining optimum distribution of stems 
in individual stands for greatest yield of high quality timber products; 
and schemes are devised for obtaining proper distribution of stands 
by age classes in a forest property so that timber crops will mature at 
regular intervals continuously. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-1-2-1—Costs and returns. To determine the financial feasibility 
of various kinds of silvicultural practices as affected by costs of oper- 
ational techniques used and value of the forest products created, and 
to appraise the over-all costs and returns of forest properties as going 
businesses. 

D-1-2-2—Technical objectives of management. To determine the 
stand structure (1. e., distribution of trees by size classes) by important 
types and sites that will yield maximum benefits under permanent 
management when economical, silvicultural, and social factors are con- 
sidered. 

D-1-2-3—Regulation of cut. To develop technical procedures 
that will enable the forest manager to budget annual cuts so as to ob- 
tain optimum growing stock and continuous income. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research in the management of the forests is a rather recent develop- 
ment. The primary need, when cuttings began in the national forests, 
was to discover the means for renewing the forests through establish- 
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ment of young growth of valuable species. With this need partially 
filled, attention was turned toward the handling of blocks of national 
forest land so that a sustained and stable yield of forest products could 
be maintained for the support of communities dependent on them. 
Forest industries are now also demanding the kind of information 
which this project is set up to furnish. As the virgin supply of wood 
nears exhaustion, it has become evident that the permanence of the 
pulp industry, the lumber industries, and all other wood-using indus- 
tries will depend on obtaining a regular and permanent supply of tim- 
ber products from managed forests. This project is set up to deter- 
mine how well various silvicultural systems will fit into the business 
management of forests, and to demonstrate how the most economical 
sy stems can be integrated into a scheme to assure regular and continu- 
ous forest crops. ‘The rising demand for forest products, which began 
during World War II and has continued since, resulted in increased 
emphasis on this work and in setting up the research as a separate 
project. 


D. FUNDS—-ANNUAL EXPENDITURES 


Although the money spent on this project is not accounted for sepa- 
rately from the over-all appropriation of which it is a part, it is esti- 
mated that $50,000 was spent per year immediately following World 
War II when the project began. The volume of work has increased 
until during fiscal year 1950 the estimated expenditure for this project 
amounted to about $125,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Research work on the Crossett Experimental Forest in southern 
Arkansas has demonstrated how well forests of southern pines can be 
made to pay when carefully managed.—Since 1957, when the experi- 
ment began, an annual cutting of sawlogs, pulpwood, firewood, and 
fence posts has been made on the experimental tract. The average 
value on the stump of the trees cut has amounted to $5 per acre per 
year since 1937. Furthermore, trees have been so selected for harvest- 
ing that the timber standing now is of higher quality and greater 
value than the timber which was present at the beginning of the study. 

Experimental work in many parts of the country has proved that 
well-integrated forest management can be profitable on small hold- 
ings.—These studies have been set up to simulate as nearly as possible 
conditions on farm woodlands. Small tracts of typical forest land 
averaging 40 or 50 acres have been lightly cut over each year, cutting 
no more than grew and using equipment generally available to farmers. 
It was found almost everywhere that if the trees are cut into a variety 
of products so that each part of each tree is used for the purpose for 
which it is most suitable and valuable, a worth-while income can be 
regularly realized from the farm woodland. For instance, the 53- 
acre experimental farm woodland on the Olustee Experimental Forest 
in Florida has yielded cross ties, pulpwood, and naval stores each year 
for the past 5 years, with an average value of $8 per acre per year. 

Studies in Michigan showed that the business of managing forests 
for continuous production can improve the opportunity for employ- 
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ment in the ne ee communities.—The 4,700-acre Dukes Experi- 
mental Forest now can furnish employment for 11 full-time woods 
workers. In addition, the 1,000,000 board feet of timber which grows 
annually and can be harvested will support an additional 15 full-time 
workers in sawmills, pulp plants, and other wood-converting plants. 
More intensive forest management, which is being initiated on the 
experimental forests, will increase the annual yield of wood products 
so that eventually the forest will support 14 woods workers and 19 men 
in conversion plants full time permanently. 

Cuttings intended to make spruce-fir stands in the Northeast more 
resistant to budworm attack have proved to be good business.— 
Studies have shown that partial cuttings removing the large over- 
mature trees most attractive to the insects cost less per cord of pulp- 
wood produced than the traditional clear cutting. This is so because 
it takes twice as long to cut a cord of pulpwood from 5-inch trees as it 
does from 8-inch trees, and three times as long as from 15-inch trees. 

Throughout the country large-scale tests are being made of woods 
practices that research has shown to be desirable from a silvicultural 
stand point.—These tests are the final steps needed to refine recom- 
mendations for conservative, profitable forest management. Although 
these studies must run for several years before the results are cert: ain, 
we already have indications of the economic conditions under which 
intensive silvicultural practices will pay and of those where more 
extensive methods are te be recommended. 


F, SOME ADDITIONAL RESEARCH NEEDED 


Studies of optimum growing stock for a large number of types — 
The rate of growth and the quality of wood produced, which determine 
the monetary yield of forests, are closely dependent on the density of 
the timber stands. We need to know the ideal spacing and distribution 
by sizes of trees from the time seedlings are germinated until the time 
the oldest trees are harvested in order to maximize financial returns 
for the life of the stand. ‘This information is lacking for all our com- 
plicated mixtures of tree species and is only partly available for pure 
stands of single species. 

Studies should be made of the financial returns that can be realized 
from the management of sizable tracts of timber—Tracts from 1,000 
to 5,000 acres or more in all of the important timber types and regions 
should be set up and managed according to the best known practices 
in order to appraise the financial returns to be expected when they are 
applied on the scale typical of the large forest holdings in this coun- 
try. Results from such studies will ‘be especially applic: able to the 
holdings beyond woodlot size whose owners are going into business of 
raising timber either to supply their own wood- -using plants or for sale 
in the general market. 

Because important products other than wood are derived from forest 
lands, studies are needed in the management of such lands for inte- 
grated uses—Some forest lands are more valuable as regulators of 
stream flow than as producers of wood products. Studies are needed 
to indicate conditions where this is the case. They are also needed to 
indicate how the production of wood, livestock, water, and game can be 
adjusted so that the greatest over-all returns may be realized from 
certain forest lands. 
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Further studies are needed on the tec hniques of regulating the yield 
of forests —Techniques that were used in determining early cutting 
budgets on the first organized forest enterprises have “undergone the 
test of time and the weakness of some of them is becoming apparent. 
Industrial owners are anxious to rearrange the cutting on their lands 
so as to obtain a steady flow of raw material to their plants. The 
growth of forests which have been under silvicultural care for a num- 
ber of years is quite different from the growth of untended stands. 
For all of these reasons, there is continuing need for improving the 
techniques of determining how much timber should be cut annually 
and from which stands it should be taken. These techniques, which 
must be modified as forest and economic conditions change, are basic 
to the operation of forest lands as permanent business enterprises. 


Forest MEASUREMENTS INVESTIGATIONS 
(FS—D-1-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop methods for measuring, estimating, and forecasting the 
growth and yield of forest stands. Considerable emphasis is placed 
on increasing accuracy and efficiency of techniques by adaptation of 
statistical methods to growth and yield studies. Correlation analysis 
is being used to arrive at formulae which will estimate the solid content 
of trees from easily measured dimensions, such as diameter and height, 
and the yield of stands from measurements of age, quality of site, and 
density. ‘The theory of errors is being employed to obtain information 
on the accuracy of volume and yield determinations, and new theories 
of experimental design are not only being employed in forest-measure- 
ments work but are bei ‘ing adapted for use in forest research in general. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-1-3-1—Stand studies. To determine growth and yields of prin- 
cipal forest types as influenced by composition, mort: ulity, site, and 
density as a basis for growth predictions to be used by forest managers 
in technical planning. 

D-1-3-2—Tree studies. To prepare formulas and tables for esti- 
mating volume of wood contained in trees of various species and sizes, 
and to obtain factors for converting volume expressed in one unit of 
measurement to volume expressed in other units. 

D-1-3-3—Statistical methods. ‘To adapt techniques of mathemati- 

cal statistics (experimental design, data analysis, sampling, etc.) to 
research and practice in forestry. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The need to measure the solid content of trees and to estimate the 
volume of forest products that could be manufactured from them, and 
so to estimate the quantity of such products that could be obtained 
from forest stands, was felt as soon as trees were cut for lumber in this 
country. Techniques for measuring contents of trees and stands were 
necessary to carry on the business of exploiting virgin timber. Conse- 
quently, there was need for research in this field before there was any 
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concern over the regeneration of the forests being cut. Because of 
the early start in research in forest measurements, many of the tech- 
niques and working tools needed reached a high stage af ilee velopment 
10 to 25 years ago. Since that time this project has been concerned 
quite largely with improving the efficiency of these techniques through 


the use of statistical methods—a branch of mathematics recently 
developed. 





D. FUNDS—ANNUAL EXPENDITURES 













Although funds spent on this project have not been accounted for 
specifically, it is estimated that about $30,000 per year was spent on 
this work in 1905. The annual expenditures have fluctuated widely 
since that time and now stand at about $194,000 per year. In 1920 


about $24,000 was spent; in 1930 about $116,000; and in 1940 about 
S83.000. 













E. EXAMPLES OF 





OUTSTANDING ACCOMPLISHMENTS 








Tables to show the per-acre yie ld in forest products for even-age d, 
single species forests at various ages have been developed for most of 
the important forest types that grow naturally in pure, even-aged 
condition.—These tables, published as bulletins by the Department 
of Agriculture, give yield information for fully stocked, or so-called 
“normal” stands. They have been useful on the national forests and 
elsewhere in predicting’ growth rates and allowable cuts, especially 
in second-growth timber. 

For loblolly pine and a few other species, yield tables have been de- 
veloped for non-normal stands.—Naturally occurring forest stands 
are rarely fully stocked, so normal yield tables are of limited appli- 
cability without modification. In the newer non-normal yield tables, 
the density of the stand is measured and used as one of the variables 
which determine the estimated yield at various ages. These tables 
are of much wider applicability than the older normal tables. 

A mode ri yield table for balsam fir stands has bee nr de velope d Cco- 
operatively in the Lake States.—Balsam fir until recently has had 
little value and its rate of growth has not been studied. It is now 
in demand for pulpwood, and information on its rate of growth and 
vield has been needed by many large land-owning pulp companies. 
These companies and various State agencies made the necessary 
measurements of a large number of sample plots in cooperation with 
the Lake States Forest Experiment Station, and yield tables were 
developed from these field data by the station. These new tables take 
into consideration not only differ ing densities of stands, but also differ- 
ing composition as reflected in the percentage of balsam fir. 

At the Pacifie Northwest Forest and Range Experime nt Station a 
tec hnique has been develo pe d for predicting future growth and yield 
of Douglas- fir stands now in the young reproduction stage —For this 
species it is no longer necessary to wait until a stand of timber is 
approaching merchantability before its potential yield at maturity 
can be estimated. 

For most of the commercially important timber species in this coun- 
ry, tables have been de velope d that estimate the solid content of trees 
from such easily measured dimensions as diameter and height.—T ree 
shapes vary with the fertility of the soil where the trees are growing, 
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with the density of the stand, and with the climate found in various 
parts of the range of the species. For these reasons, local volume 
tables are needed where accuracy is required. Methods of making such 
local volume tables through modification of regional tables have been 
worked out. 

Adaptations of sampling methods have made it possible to do a 
more efficient job of measuring forest products sold from the national 
forests.—In some cases sufliciently accurate records of the volumes of 
logs sold on large operations can be obtained by measuring only a 
sample of them rather than every log as was formerly made a practice. 
Estimation of the size of standing trees plus more careful measure- 
ment of a sample of these trees sometimes makes it possible to dispense 
altogether with the time-consuming scaling of individual logs. Sav- 
ings as high as 10 cents or 15 cents per tree have been made. 

Adaptation of statistical methods has increased the efficiency of all 
forest research.—Use of the newer sampling techniques, coorelation 
methods, and design of experiments has made possible the attainment 
of more accurate results with less expenditure of time and money. 


F. SOME ADDITIONAL RESEARCH NEEDED 


Development of techniques for predicting growth and yield of un- 
even-aged, mixed stands.—Stands of this sort are by far the most com- 
mon in thiscountry. As yet no fully satisfactory methods of predict- 
ing the yield of such stands have been worked out. 

Development of yie ld tables for managed stands.—Tables devel- 
oped so far show yield at various ages of stands which have grown 
up naturally. In the future, fewer and fewer of such “wild” stands 
will be found in our forests. We need to know the yield of stands 
which are thinned and treated regularly to maintain the optimum 
rates of growth. 

Further adaptation of statistical methods—As new methods of 
handling statistical data are developed, they should be adapted for 
use in forest measurements and forest research work. At the same 
time, the peculiarities of tree growth and volume may make it neces- 
sary for foresters to develop their own statistical methods. These two 
should go hand in hand. 


Forrest PLANTING INVESTIGATIONS 
(FS—D-1—4—-Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop methods for successfully establishing forests through 
planting or seeding on areas where natural regeneration of forests is 
impossible or will result in forests of less desirable species. Studies 
under forest planting range all the way from seed selection and col- 
lection, through the problems of forest nursery development and 
maintenance and the proper methods of planting young trees or seeds, 
to the cultural operations required in established plantations. Recent 
emphasis has been on the determination of soil and site characteristics 
most suitable for various tree species, mechanization of nursery and 
planting work to reduce costs, and selection of proper seed sources, 
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species, and grades of nursery stock to increase survival of planted 
trees and value of plantations. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D—1-4~-1—Seed studies. To discover and make available informa- 
tion on forest-tree seeds that affects their production, collection, extrac- 
tion, storage, and use. 

D-1-4-2—Nursery practices. ‘To develop nursery practices for 
growing most economically the best stock for field planting. 

D-1-4-3—Planting. To determine the best species and methods for 
reforestation or afforestation of various sites not occupied by forest 
growth. 

D-1-44—Reinforcement planting. To develop practical methods 
of improving the stocking and composition of understocked forest 
stand lands through reinforcement planting. 

D-1-4-5—Direct seeding. To develop the processes necessary to 
the establishment of forest stands by direct seeding that will be eco- 
nomically feasible and ecologically sound. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work in forest planting and seeding research was begun as a result 
of interest arous sad by the failure of some of the attempts, made in the 
early 1900's, to reforest abandoned farm lands and forest lands devas- 
rer! by cutting and fire. The area in need of planting has been 
increasing steadily, and lately the price of forest products has been 
rising rapidly. Especially since World War II industrial concerns 
have been acquiring cut-over lands which they intend to return to 
forest production.. Consequently, demands for information on prac- 
tical methods of reforestation continue to grow unabated. Develop 
ment of machinery for nursery work and for planting trees has 
changed somewhat the research needed to supply the information. Use 
of the airplane for sowing agricultural crops has renewed the interest 
in direct seeding, and the possibilities of large-scale inexpensive refor- 
estation by this means is being investigated. 


D. FUNDS-—ANNUAL EXPENDITURES 


Although funds spent for forest-planting research are not separately 
accounted for, it is estimated that approximately $250,000 was spent 
for this work during fiscal year 1950. Planting research has been 
carried on by the Forest Service since the earliest days of its organiza 
tion. It is even more difficult to estimate early annual expenditures 
for this work, but probably $30,000 was being spent in 1905. Since 
that time, appropriations for research, and consequently for studies 
in forest planting, have fluctuated considerably. In 1920, they were 
about $10,000; in 1930, about $58,000; and in 1940, about $115,000, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


The re sults of MANY years’ seed studie s at a numbe 7 of the forest 
Cx pe rime nt stations rere rounde d up in the publication W oody-Plant 
Seed Manual.—This 416-page bound volume is the most detailed and 
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up-to-date guide available on methods of seed collection, storage, 
treatment, germination, and a host of other details relative to efficient 
production of nursery stock. Such information is provided for 444 
species of trees and shrubs of value for forest, wildlife, and erosion- 
control plantings. The manual was written chiefly for forest-tree 
seed suppliers and nurserymen, but it also contains facts about flower- 
ing and seeding of forest trees that are extremely useful to foresters 
concerned with the natural regeneration of forests. 

The advantage of using loc ‘ally collected seeds to establish forest 
plantations has been indicated by a number of experiments—Twenty- 
two-year-old plantations of loblolly pine at Bogalusa, La., produced 
42 cords of pulpwood per acre from local se ed, : 23 cords from Texas 
seed, 18 cords from Georgia seed, and 15 cords from Arkansas seed. 
The results of a number of years’ study of the relation between seed 
source and the growth and behavior of Douglas-fir plantations were 
published in a bulletin entitled “Better Douglas-Fir Forests From 
Better Seed.” 

Herbicides have been developed which succe ssfully control weeds 
in conifer nurseries.—At the Lake States station it has been found 
that a careful application of mineral spirits can be used to kill weeds 
without injuring young trees, resulting in a very substantial saving 
over the previously used hand weeding. Other nursery studies have 
shown how to restore production by correcting the soil acidity ee 
is often built up in conifer nurseries through the repeated use of peat 
and by the use of sulfuric acid for controlling damping-off. 

Information on planting the right tree in the right place in the 
Central Piedmont, and Southern Appalachian regions is given in a 
farmers’ bulletin recently published. The results outlined in this bul- 
letin are based upon an extensive series of experimental plantings, 
covering a wide range of planting conditions from bare ground to 
areas already supporting a considerable amount of forest growth but 
composed largely of inferior species. A wide range of sites and 
exposures was also covered, and a large number of species were tried. 
Consequently, this bulletin sets forth unusually reliable recom- 
mendations for the selection of species to be planted under the full 
range of conditions usually found in the regions covered. In addition, 
it outlines the te ‘hniques of planting that have been found to be most 
suecessful under the various planting conditions, 

The techniques of forest planting rand the results to be expected in 
the Lake States have ben outlined in a technical bulletin. —This region 
is largely forest land, and much of it has been clear-cut, without proper 
ee for natural regeneration. Furthermore, climate and the 
brush cover on much of the cut-over land add to the difficulty of 
establishing planted forests. For these reasons, planting problems 
in the Lake States are especially acute. This technical bulletin, 
which brings together the results of many years of research, will form 
«a good basis for more successful planting. 

The uses and limitations of direct seeding are be ginning to be 
understood.—FKarly attempts to use direct seeding were so universally 
unsuccessful that the method fell to disuse. However, recent studies 
have shown that under especially favorable site conditions, where 
seed-eating rodents and competing vegetation can be controlled, this 
method may be less expensive than planting. Experiments also have 
shown that seeding from airplanes may give good results at low cost 
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under such conditions as are found immediately following forest fires 
that have reduced the rodent population, killed competing vegetation, 
and exposed the mineral soil favorable to seed germination. 


F. SOME ADDITIONAL RESEARCH NEEDED 


More information is needed on what constitutes good seed sources 
for forest-tree seeds —We need to know how far away from the place 
where the trees are to be planted it is safe to collect the seed. What 
are the effects of climatic and soil conditions, where the parent trees 
grew, on their progeny when planted elsewhere? Will trees planted 
in a region with short summer days grow well if the seed were collected 
in the region where summer days are long, and vice versa? How can 
seed orchards be developed that will produce seed known to be suitable 
for planting in a given region ? 

Specifications need to be worked out for nursery stock.—The sur- 
vival of planted trees depends in large part on the root-top ratio and 
vigor of the trees before they are set out. Research is needed to 
develop specifications for planting stock that will insure high rates 
of survival for various planting sites and conditions. 

More information is needed on the adaptation of species to planting 
sites and conditions.—The sort of work that has given good results 
in the Central and Appalachian regions needs to be expanded to all of 
the other forest regions of the country. Recommendations should not 
be based exclusively on the early survival and growth of various 
species, but studies should be conducted until yields at maturity are 
known, 

How can survival of machine-planted trees be increased ?—Planting 
machines are coming into wider use on all sites where they can be 
operated. Studies are needed that will lead to improved devices and 
techniques so that this rapid and inexpensive method can be used more 
generally and more successfully. 

Further studies of direct seeding are needed to make this method 
more widely useful—The pelleting of seeds with materials to repel 
seed-eating rodents and to furnish nutrition to the young plants should 
be investigated. The use of the airplane for seeding should be further 
explored and machines developed for more efficient ground seeding. 
Further study of conditions under which direct se eding i is successful 
needs to be made so that such areas may be selected and reforested by 
this less expensive method. 


NAVAL StTorEs INVESTIGATIONS 
(FS-D-1—5—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The production of naval stores is a specialized branch of forestry. 
Research in this field is concerned with the physiology of gum flow 
in pine trees and methods of stimulating and increasing its yield, with 
the mech: ante s of gum harvest to make the operations more economical, 
and with the integration of naval stores and wood production. Cur- 
rent research is particularly concerned with the discovery of easy-to- 
handle chemicals that will increase the flow of gum when sprayed 
on the cut streak of the pine trees, with the development of high- 
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yielding pine-tree strains or hybrids, and with the proper integration 
of naval stores production with the production of pulpwood, lumber, 


and other wood products, so as to realize maximum financial returns 
from southern pines timber lands, 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-1-5-1—Gum extraction. To determine practical gum-extraction 
techniques which will produce maximum economical returns and pro- 
mote sound forest management practices in the longleaf slash pine 
type 

D-1-5-2—Gum flow. To determine the basic facts about gum flow 
and its relation to factors of the environment in a long-range plan to 
improve the efficiency of commercial practices. 

D-1-5-3—Gum yields. To determine the variation in gum-yielding 
capacity of individual pine trees and to develop strains which will 
produce high yields or attain working size at an early age. 

D-1-5-4—Mechanization. To develop « equipment, devices, and 
systems for reducing the costs of woods operations in the produc ‘tion 
of gum naval stores. 


Cc. HISTORY AND EVOLUTION OF THIS WORK 


Sporadic research by a few workers in the Forest Service started 
at about the turn of the present century. Within a few years the 
virgin pine stands of the turpentine belt had largely disappeared. 
Naval stores operators were forced to tap smaller trees in scattered 
stands so that costs of production rose sharply. The need for research 
to improve the efficiency of gum extraction and the yield of individual 
trees and stands was apparent. However, organized and concentrated 
research did not begin until the early 1920’s. The general spread 
through the industry of the better naval stores practices resulting from 
research has made evident other problems to be solved, and research 
continues on three fronts: (1) Advances in extraction techniques; 
(2) selective breeding and propagation of high-yielding turpentine 
pines; (8) engineering research on equipment used in woods opera- 
tions. 

D. FUNDS—ANNUAL EXPENDITURES 


The money spent in naval stores research is not accounted for sep- 
arately. It is estimated, however, that about $90,000 was spent for 
this work in fiscal year 1950. In 1909, $10,000 was especially appro- 
priated for naval stores work. In 1920, about the same amount was 
available. For the period 1930 to 1940, the annual expenditure 
averaged about $33,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The minimum size of trees profit able for tappi ing was discovered as 
a result of early research.—It was found that the low yield from small 
trees and the extra difficulty of chipping them made the cost so high 
that working them was uneconomical. Trees 9 inches in diameter, 
breast high, were found to be the smallest that can be worked profitably. 
This standard was written into the naval stores conservation program 
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of the Department of Agriculture in 1936, and the industry rapidly 
came to adhere to it thereafter. 

Application of sulfuric acid to the streak has doubled the normal 
period of gum flow after chipping—aAs a result, streaks chipped every 
2 weeks and sprayed with acid produce as much gum per season as 
untreated streaks chipped at the usual weekly inter vals, 

By a proper integration of the period between chipping and the us 
of acid, labor efficiency can be increased by 80 percent.—Although the 
additional work of spraying acid slows down the chipper to about 
90 percent of his usual speed, the longer chipping interval made pos- 
sible permits him to work up to 80 percent more timber with no 
sacrifice in yield per tree. 

A new syste mote hip ping has been deve lope d which involves cutting 
to the usual he ight of Vo inch, but only through the bark to the de pth 
of the outer surface of the wood.—If acid is applied, this bark chipping 
method gives as much gum as does application of acid with the tradi- 
tional method of chipping 14-inch into the wood. The method re- 
quires less physical effort than the standard method, is easier to teach 
new workers, and leaves the butt of the tree in better condition for 
later utilization for wood products. 

A numbe rof new devices have been de ve lope ad for making the gathe r- 
ing of gum more economical.—A shatterproof, acidproof, one-hand 
spray device for applying sulfuric acid has been developed. A simple 
squeeze on the bottle delivers a spray with a minimum of manipulation. 
This device has made acid stimulation a practical technique. Better 
chipping tools, larger cups, and special gutter systems are also being 
developed. 

A system of selective c - ping has been devised which will result in 
the maintenance of well-stocked pine stands and the production of 
large r, more profitabl trees for wood pr 0dUC ts.—Selective cupping 
involves marking the trees that should come out of the stand in the 
next cut. Of the marked trees, those large enough are then turpen- 
tined before they are cut. The best quality trees are left to grow to 
a larger size before they, in turn, are turpentined. By this method 
of selective cupping, turpentining is fitted into its proper place in 
good forest management. 


F. SOME ADDITIONAL RESEARCH NEEDED 


Research is needed on the de velopme nt of pine plantations Spe CIFIC 
ally for the produc tion of Cur pe ntine.—Trees grown in such pli inta 
tions can be spaced so that there would be 200 or more workable trees 
per acre in place of the present average of only 20 or 30 faces in wild 
stands. Such orchards can be given the necessary treatments to im 
prove the growth rate and increase gum yield. 

Research on the selection. ve ge tative propagation, and. selectiv: 
breeding of high-yielding naval StOreS pine ws a promising line of 
work.—Select strains have already been discovered that yield double 
the average amount of gum. Proper breeding may lead to unexpected 
additional production. 

Practical means of propagating cuttings of select h igh-yie lding trees 
must be worked out.—Vegetative propagation would make possible 
the establishment of “seed orchards” of select strains for natural 
seed production from high yielders; the establishment of nurseries of 
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select strains for the production of planting stock; and the perpetua- 
tion of valuable clones in case of loss of the parent tree. 

Further studies in the physiology of gum yield are essential. 
studies would furnish leads for the improvement of methods of ex- 
tracting gum and for cultural treatments such as fertilization and irri- 
gation to increase gum yield. 

Research efforts should be used to discover a noncorrosive gum 
flow stimulant to replace acid—The goal is some stimulant that will 
be nearly as easy to handle as water. 


Forest GENETICS INVESTIGATIONS 
(FS—D—-1—6—Federal—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To develop, through selection and hybridization, forest trees supe- 
rior in rate of growth of useful products, resistance to insects and dis- 
eases, Or ability to grow under adverse conditions. The use of hybrids 
or selected strains for planting can multiply the value of forest planta- 
tions many times. In natural regeneration the proper selection of seed 
trees can greatly improve the breed of _ next and subsequent genera- 
tions of forests. Currently, attention is being directed toward the 
development of white pine hybrids or tie ins resistant to the white 
pine blister rust; to studies of chemical composition of pine turpen- 
tines which yield information on taxonomic relationships, important 
keys to crossability in breeding; and to cultural methods to increase 
the early survival of planted hybrid poplar cuttings. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D—1-6-1— Breeding. ‘To produce, by intra- and inter-specific cross- 
ings and selections, new types of trees which are superior to available 
types in growth rate, wood quality, resistance to disease and insects, 
or other import: int characteristics. 

D—-1-6-2—Field tests. To test under various field conditions hy- 
brids and selections in comparison with normally used planting stock. 

D-1-6-3—Physiology. To solve the technical problems encoun- 
tered in forest genetics research. The methods of plant physiology 
and of biochemical analysis are used in attempts to root refractory 
species, in assaying phylogenetic relationships of trees, in studying 
factors affecting flowering and fruiting, ete. 

D-1-64—Racial variation. To study variation within species of 
trees so as to discover superior races for planting and those having 
special qualities of growth rate, adaption, resistance to insects and 
diseases, and technical properties of wood that make them valuable in 
a breeding program. 


Cc. HISTORY AND EVOLUTION OF THIS WORK 


Forest genetics research in the Forest Service began in the mid- 
1930s when the Eddy tree-breeding station at Placerville, Calif.. be- 
came a part of the California Forest and Range Experiment Station, 
and when the Oxford Paper Co., of Maine, transferred its new poplar 
hybrids and its breeding records to the Northeastern Forest Experi- 
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ment Station. Since that time, genetics work at the California Forest 
and Range Experiment Station has been concentrated on the pines. 
At the Northeastern Forest Experiment Station some work has been 
done with birch and maple in addition to the poplars. Work with the 
southern pines, started at the Southern Forest Experiment Station, 
has been continued at the Southeastern Forest Experiment Station, 
where emphasis has been placed on the development of high-gum- 
yielding pines. Interest in forest genetics has been stimul: ated by the 
recently expanding program of forest planting. We have in this coun- 
try so many species and varieties of valuable forest trees that the op- 
portunity to produce outstanding new kinds through selection and 
breeding is ade lally great. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Funds spent for forest-genetics research are not accounted for sepa 
rately. It is roughly estimated that about $150,000 was used for for- 
est-genetics research in the Forest Service in the fiscal year 1950. Ap- 
propriations for this work in 1936, when it began, amounted to S52, 
000. In the intervening years funds available have generally in- 
creased, although during the war years the work was put on a main- 
tenance basis under a greatly decreased appropriation. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Hybrid pop lars have been de velo pe d whic “h wm ill produc AL cords 
of wood an acre in 15 years in Maine —This 7 ield is to be compared 
with the 8 or 10 cords produced by native poplars. Other fast-grow 
ing poplars are being tested out in other parts of the country. Faster 
growth can be expected farther south. 

A numbe - of valuabli hybrid pines have bee n deve lope Guan k Cross 
between the eastern white pine and the western white pine is more 
vigorous than either of its parents. During the first 7 years of growth 
its height is about double that of either of the parents. A cross be 
tween pitch pine and loblolly and shortleaf pines has yielded hy 
brids which surpassed pitch pine in form and rate of growth. <A 
cross between shortleaf and loblolly pines is generally superior to 
shortleaf in form and growth rate and gives promise of growing in 
areas outside the natural range of loblolly pine. Jack pine crossed 
with lodgepole pine has resulted in a hybrid as vigorous as jack pine 
and as much as 79 percent taller than lodgepole pine of the same age. 
A number of crosses among the western yellow pines have yiel led 
trees of good form and relatively rapid growth rate which can stand 
drought conditions. One of them is resistant to attacks of an insect 
that has wiped out plantations of native pines. 

Techniques for controlling pollination of pines has been worked 
out-—Methods of collecting pine catkins, extracting the pollen and 
testing and storing it, pollinating the flowers, preventing contamina 
tion, and protecting and collecting seeds are presented in a circula! 
published by the Department of Agriculture. 

Studies of the turpe ntines of pines have given information on the 
interrelationships of species—Many pines cannot be successfully 
cross bred because of incompatability. To learn which pairs are in- 
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compatible by trying all the possible crosses between the several hun- 
dred species of pine would be time consuming and inefficient. Chem- 
ical analysis of gum produced by different species of pine has dis- 
closed relationships, not previously discovered, which are useful in 
determining compatibility. 


F. SOME ADDITIONAL RESEARCH NEEDED 


Superior forms of pines and o ther trees need to be tested out to 
dete rmine urhe ie the YU will Jrow 1 ‘ell and produ ce high yields.—The 
development of hybrids is only an important first step in increasing 
forest production through genetics. Plantations of hybrids must be 
grown to maturity under a variety of climatic and soil conditions 
before their general use can be recommended without qualification. 
As with other crops, it will be necessary to ueeed trees to fit the major 
climatic regions and in some cases particular sit 


) | es within a region. 
I ast growing poplar s must hy Selec 


tog for resistance to dise ase and 
tor other desirable characteristics.—It has been found that some of the 
hybrid poplars are highly susceptible to diseases, while others are 
resistant even when inoculated. Similar variation in susceptibility 
to insect attack has been found. Since hybrid poplars will be propa- 
gated commercially by cuttings, recommended clones must root read- 
ily. It may be necessary to breed poplars partic ularly to eaeneain 
Methods for propaga tin g pine S vege tatiase ly must he work ted out— 
If such methods can be developed, research in forest genetics can be 
greatly speeded up, seed-producing plantations of selected trees can 
be established, and the outstandingly valuable characteristics of 
brids can be reproduced more certainly. 
Ntudies are needed of methods used 
through physic a or che ical treatn 


hy- 


tO create hereditary variations 


vents —Techniques de eloped 


the genetics of agricultural crops for changing chromosome numbers 
need to be adapted to the rele tics work with forest trees. 


BreHAVior oF Fire on Witp Lanns 
(FS—D-2—-1—Federal Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The objective of fundamental studies of how fires start and spread 
under all conditions in forest. bru h. al d orassland cover is to enable 
better planning and more skillful and efficient control of approximately 
200,000 wild-land fires that occur each year thoughout the United 
States. It involves intensive study of the effect of differences in 
weather, natural fuels, and topography on the start and spread of 
fires. Current work is particularly concerned with better measure- 
ment of the huge array of variables that affect the danger from fire. 
Its immediate purpose is to aoe ee better prediction of when and 
where forest fires are to be expected on each protection unit and how 
rapidly they are likely to spr aa and it is directed mostly toward im- 
proving fire danger r: tings, oe h have become an important tool in 
the management of all re organ zat ions In the Forest Service ancl 
a majority of the State ai d vate forest-fire organizati 


ZALIONS, 
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B. CURRENTLY ACTIVE LINE PROJECTS 


D-2-1-1—Identification of variables. To develop techniques for 
recognizing, measuring, and analyzing the significant elements of fire 
behavior, including ignition, rate of ‘spread, “the heat produced, and 
the difficulty of control in typical fuels of each of the important forest 
regions. In California current emphasis is being given to identifying 
natural flammability of fuels throughout the forest areas of that State 
and the differences in the difficulty of controlling fire in them. This 
parallels in purpose the zoning found necessary by municipal and in- 
dustrial fire organizations to warn of the probabilities of a three-alarm 
fire as comp: ared to a one-alarm fire. 

In the Lake States, this work currently consists of statistical studies 
of fire reports to determine fire behavior characteristics from mass 
data. Special work was completed during 1950. Incidental studies 
continue. 

In the northern Rocky Mountain region comprehensive analysis of 
data from reports covering 36,000 fires has just been completed. This 
permits new analyses of many fire behavior factors. In addition, 
special attention is being given to the effect of the stage of growth of 
annual vegetation on fire hazards and to the slow change i in moisture 
content of large logs and other heavy fuels which may serve to give 
a better index of the effect of drought on fire danger. 

In the Pacific Northwest, the rate of spread “of fires and their be- 
havior under a variety of conditions are being studied and various 
measurements made on the larger wild fires that develop and on the 
slash burning fires that are intentionally set during the fall. 

In the Southeast spec ial attention is being given to the proper con- 

trol of prescribed fires in order to hold them at a predetermined level 
of intensity and rate of spread. 

In the-Southern States, special attention is being given to the rate 
at which dangerous fuels accumulate in longleaf pine stands and the 
degree to which prescribed burning in the wintertime is of value in 
ees 

D-2—1-2— Behavior predictions and uses. To develop or improve 
oaks for predicting various fire behavior phenomena and their 
changes with weather and fuel conditions, for use in planning fire- 
suppression strategy and in keeping the fire-fighting organization 
to appropriate strength for the fire-fighting job to be : ‘anticipated. 

At the California Station, highly technical laboratory studies are 
being conducted to determine the physical and chemical relationships 
involved in the heating and ignition of small wood cylinders. The 
purpose is to determine prec cisely the critical relationships which 
control the ignition of woody materials and the extinguishment of 
fire in them. One phase of this work was completed during 1950. 
Work is continuing 1n other phases. 

In the Lake States some revisions in the fire danger rating scheme 
were completed during 1950 to improve the dependability of the pre- 
dictions made. Further improvements are desired by users, and fur- 
ther research will be undertaken as priorities permit. 

In the Pacific Northwest region current attention is being given to 
the local variations in the weather that accompany changes i in eleva- 
tion and topography. The purpose is to develop a proc edure for con- 
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verting fire weather forecasts into more specific forecasts of the fire 
danger to be expected in each local area. 

In the Southeastern States current attention is being given to the 
temperatures lethal to various woody plants and to the effect of verti- 
cal temperature gradient on the unexpected behavior of fires. The 
purpose is to improve the predictions of what to expect both in fighting 
wild fires and in selecting conditions under which prescribed burning 
may be safely accomplished. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Systematic study and measurement of the effect of weather on forest 
fires was initiated in 1922 at Missoula, Mont. The great diversity of 
conditions to be found in the national forests has made this work of 
great complexity. Some of the numerous variables that affect the 
danger of fires starting and spreading include moisture content of 
the fuels present, relative humidity of the air, temperature of the air 
and of the fuel, the kind, quantity, and arrangement of fuels, the wind 
velocity, slope, aspect, atmospheric turbulence independent of wind, 
occurrence of lightning, and climatic characteristics. 

First, emphasis was placed on determining the season during which 
forest firemen should be employed in each loc aliee. Later, emphasis 
was given to predicting the occurrence of fire-setting lightning storms 
which would produce an unusually large number of fires to be con- 
trolled. Then, to weather factors and to identifying and predicting 
periods during which fires would spread very rapidly. From these 
studies, increasingly valuable guides for use by the forest adminis 
trator have progressively been developed. In 1954 the first “fire 
danger meter’ was developed by H. T. Gisborne at the Northern Rocky 
Mountain Station. It was the first attempt to bring together into a 
single rating all the variable influences that determine the aggressive- 
ness with which fires will start, spread, and do damage, and to show 
their net effect from day today. The first fire danger rating started in 
very crude form but it proved such a valuable guide to the administra 
tor in managing the men and facilities required for fire fighting that 
the idea was soon adopted in all forest regions. As uses of such ratings 
increase, increasing refinement is demanded. At present, fire danger 
rating schemes are being utilized by a majority of the forest-protection 
agenc cies and are still being extended. Curre ntly, because of high costs 
of fire fighting, exact information on how a going fire is likely to be- 
have in a particular area is of very great importance in deciding the 
men and equipment to send to it. In recent years labor costs for the 
regular fire organization have more than doubled too. 

Over-all conditions must. be carefully enough forecast to decide 
whether or not a forest fireman can be permitted to leave his post of 
duty after 40 hours or whether conditions demand that he be held on 
the job at premium rates. The use of fire danger ratings to determine 
at the end of a season how many fires should have been expected when 
the weather is properly taken into account is now becoming useful i 
measuring the success of work done to prevent fires. If fewer tiie 
occurred than should normally have been expected, special prevention 
measures can be credited with success. If there was no reduction, or if 
actual increases occurred, more effective measures are indicated. 
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The study of forest-fire behavior and its prediction is an integral 
part of nearly all work in forest-fire research, and separate account of 
funds spent has not been kept. Consequently, it is difficult to identify 
expenditures for this activity with any accuracy. The more funda- 
mental studies have been concentrated at the Northern Rocky Moun- 
tain and California Stations and have engaged most of the time of one 
man from 1922 to 1930 and an average of three men from 1930 to 1940. 
Since 1940 such work has largely been incidental to other projects. 
However, the extension of results of such work in the form of fire 
danger ratings to the various national forest regions and to the States 
has engaged a gre: ut deal of time and attention, amounting currently 
to approximately $ 330,000. It is anticipated that this amount will 
fluctuate between $20,000 and $50,000 a year, depending on the rate of 
further refinement demanded by the various fire organizations. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The outstanding accomplishment from this work has been the de- 
velopment of fire danger ratings, which can be utilized by any fire 
— for one or more of the following purposes: 

. Determination of the normal fire season. 

Determination of the daily variations to expect in the fire- 
fighting job and of the corresponding variation in the men and 
facilities needed. 

. Indication of the force needed to attack a particular fire. 

4. Determination of the need for closing forest areas or for 
ts a other emergency action. 

. Guidance in day-to-day management of men in the regular 
fie contro organization. 

A check on the degree of success attained by fire-prevention 
measures. 

A second outstanding accomplishment from this work has been the 
development of specialized fire-weather forecasts through cooperation 
of the Weather Bureau which enable fire-fighting forces to anticipate 
changes ahead. A further step has been the application of forecasting 
to the prediction of specific fire danger in each locality. Such service 
has become well established in each of the more difficult fire regions. 


KF. SOME ADDITIONAL WORK NEEDED 


The behavior of small fires is well understood through work already 
accomplished, and the knowledge is sufficient for training fire fighters 
in the necessary techniques for ‘routine fire fighting. But several fac- 
tors which cause unexpected behavior in large fires are extremely criti- 
cal and urgently demand careful further investigation. Atmospheric 
turbulence and the accumulation of unburned gases under certain con- 
ditions are believed to be the reason that some fires blow up unexpect- 
edly, resulting often in death of fire fighters and in conflagrations 
which become major disasters. Such problems are becoming critical 
to civilian defense. Intensive study of the aerodynamic forces that 
come into play in such cases is particularly needed. Such information 
may have a great deal of significance in dealing with conflagrations 
whether of incendiary or accidental origin. 
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The fire danger rating systems now in use are empirical in nature and 
lack the precision desired. As better knowledge and more exact meas- 
urement become available, much refinement will be possible. Better 
means of classifying the natural fuels are particularly important to 
permit more effective matching of the action to the fire-fighting job to 
be done. 


ConTROL OF FIRE 
(FS—D-2-2—Federal Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to achieve maximum protection at least 
cost and effort. It covers the broad field of investigations in planning, 
organization, and ope ration of fire-control activities. It ¢ at sely resem 
bles the work known as “operations research” carried on by milit ary 
agencies. It is a process of putting the best that is known into cd: aily 
use, through application of the scientific method and the use of research 
findings to supplement field experience. Most of this work has been 
cooperative in nature, with research men providing guiding principles 
and sample plans and the National Forest Administration and other 
protection agencies providing most of the financing and personnel 
to put new plans into effect. Activities involve all phases of the fire- 
control job, including fire prevention, fire organization and facilities, 
fire-control equipment, fire-suppression methods and techniques, and 
intergated planning. Much has been accomplishd in the past, thoug! 
only limited phases of this work are currently active. Special atten- 
tion is being given to the best use of aerial facilities, to new analyses 
of fire statistics for use in planning, to realizing the best efficiency from 
mechanized equipment, and to the most efficient form of organization 
for large going fires. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-2-2-1—Preventing fires by control|/of human risks and control of 
man-made hazards in the Pacific Northwest region. This involves 
special study of the merits of burning logging slash as a means of 
reducing the fire hazard. 

D-2-2-2—Design and planning of organization and facilities. (a) 
Analysis of organization and current practic es in fire-control work to 
determine best operational tactics to meet fluctuating levels of fire 
danger; (6) determination of the best combination of (1) permanent 
facilities, (2) methods of transportation, and (3) the manpower on 
fire-control duty to give adequate protection at least cost; and (c) 
special study of practices on large fires to determine what weaknesses 
exist in performance and how to correct them. 

In California, currently important phases of the problem under (c) 
of getting efficient action on fires are studied jointly by administrators 
and research men each year. Research help is needed to insure ¢ ompre- 
hensive analysis of the facts and correct interpretation. This service 
is regarded as so important that one man on the research staff in Cali- 
fornia is being temporarily financed from administrative funds to 
facilitate this purpose. 
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In the northern Rocky Mountain region, work under (6) of this 
project has recently involved det ailed analysis of the behavior of 
36,000 fires and of the performance attained in their control. It has 
also involved a detailed analysis of the efficiency attained by smoke 
jumpers in controlling fires compared to ground forces and by air- 
plane observers in detec ‘ting fires ¢ ompared t to fixed lookouts. 

In the Pacific Northwest region, current work is being done under 
(6) on improving the classification of fuels and in determining the 
factors that affect the efficiency of aerial observers in detecting forest 
fires. 

[)-2-2-3—Determination of how water, wetting agents, and various 
chemicals and other agents can best be applied in forest-fire suppres- 
sion. Intensive investigation is being made of the value of wetting 
agents in forest-fire fighting. Surface active agents have already 
become indispensable in various industrial processes and have proved 
valuable in municipal and industrial fire fightmg. Laboratory tests 
have shown potential advantages for certain wetting-agent solutions 
up to three times the efficiency “of plain water in extinguishing fire in 
typical forest fuels. Unfortunately these advantages. are easily lost 
in conventional methods of application. Consequently, research in 
techniques of use of water in forest-fire fighting becomes an essential 
part of the task before advantages can be fully realized. 

D-2-2-4—Suppression methods and techniques, In California, 
special attention is being given to interpreting and adapting research 
findings for use in training at various levels of the forest-fire organiza- 
tion, and cooperative study is being made of the principles of emer- 
gency organization on large going fires, 

In the Lake States, work is being done on the revision of fire-dis- 
patching tables, which give the antic ipated number of men required 
to control fires in various fuel types under given conditions of travel 
time, burning conditions, and wind velocity in that region. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The development of principles and methods for sy stematic planning 
of the fire-control organization began shortly after the Forest Service 
was organized. It received spec ial impetus during the period 1930 to 
1938. At that time it became a major joint undert: iking between re- 
search and administrative personnel. It resulted in getting the very 
best that was known direc ide into use. Much of the reduction in fire- 
control losses, in spite of the increasing exposure of forest lands to 
man-caused fires, can be credited to the improved organization and 
facilities that resulted from these plans. Systematic planning in- 
cluded development of the most efficient system of lookouts and opti- 
mum systems of transportation, communic ation, and placement of men 
throughout the protection area. Since that time many of the original 
assumptions on which these plans were based have been changed be- 

cause of increased access by roads, by greatly expanded timber cutting 
in former virgin areas, by incr reased mechanization of fire fighting, 
and by greatly expanded use of aerial transportation. Changes in 
these things have been particularly marked in the forests of western 
United States, but new plans to skillfully adapt the organization and 
methods to new conditions have so far been made on a piecemeal basis 


only. 
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D. FUNDS—-ANNUAL EXPENDITURES 


The major part of the expenditures for this work has been by the 
administrative organizations working in cooperation with research. 
For several years during the period of the Civilian Conservation 
Camps, when all national forest regions were engaged in a special 
project of replanning their fire-control systems, total expenditures 
probably approximated $500,000 a year, of which about 15 percent 
was research funds. Since 1940, because of shortage of funds, this 
work has been carried on on a minimum basis. Each experimental sta- 
tion, at which fire research is being conducted, has devoted some inci- 
dental time to it. Two of the national forest regional offices and 
several State offices have been conducting independent administrative 
studies. The total expenditure at present would approximate about 
$30,000 of research funds for the United States plus a somewhat 
oreater r amount of administrative funds by State and Federal agencies. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The fire-control planning that was accomplished through the use 
of research findings and methods during the period 1930 to 1940 has 
been responsible for the striking progress made during that period. 
Its impetus has continued to a considerable degree through the exten- 
sion of similar standards and principles to the rapidly developing 
State protection organizations. The value of such work in guiding 
the expenditure of $50,000,000 now spent annually for prevention and 
suppression of fires by Federal, State, and private agencies cannot 
be computed accurately but is unquestionably at least 10 times the 
research expenditures made in this activity. 


F. SOME ADDITIONAL WORK NEEDED 


The question of how to do a better job at minimum cost challenges 
the best research effort that can be devoted to the problem. The 
value of forest properties has increased tremendously over the last 10 
years due both to inflationary trends and to the increasing importance 
of timber and other wild land resources. Similarly, the cost of pro- 
tection has increased to a point where total expenditures now approxi- 
mate $50,000,000 annually and the damage from fires is of almost 
equal magnitude. Currently about $16,000,000 of Federal funds are 
spent annually to maintain fire organizations on the national forests 
and in various States, exclusive of money spent for emergency fire 
fighting. A similar amount of funds is expended from State and pri- 
vate sources. Experience in the industrial field indicates that a mini- 
mum of at least 1 percent of this part of the expenditure, or from 
$160,000 to $320,000, should be devoted exclusively to research and 
dev elopment activities to insure a satisfactory rate of progress in 
replanning and in operating performance and efliciency. This phase 
of the work should in the future be financed to a corresponding level 
as fast as the necessary funds can be made available. Work ahead 
must be more scientific ¢ and more systematic than was possible in the 
past and must give special attention to the degree of mechanization 
justified by the job to be done in each locality, 
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Errects or Forest, Brusu, anp Range Fires 
FS—D 2-3—Federal-State Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to investigate the effects of fires under 
different circumstances in order to determine (@) how much money 
and effort are justified for control and (6) where fire may be used as 
a beneficial agent. The justification for all forest fire-fighting activ- 
ities is to prevent damage. The severity and importance of damage 
threatened should determine the intensity of protection and the size 
of the expenditures made. This prine iple has long been recognized 
but has never been fully applied. The reason is that a large part of 
the damage done by fires on wild lands consists of damage to water- 
shed values, to recreational values, and to productive capacity of the 
land, which are very difficult to appraise in terms of dollars. Cur- 
rently, a comprehensive project has been completed i in which the very 
high watershed values dependent on brush cover in southern Cali- 
fornia have been completely appraised: For the first time this pro- 
vides a sound economic base for fire-control efforts in that are a. Sim- 
ilar work in appraising nonmarketable damages is needed in every 
forest region to guide the distribution of expenditures and to insure 
maximum benefits for money expended. Careful appraisal is par- 
ticularly important in order to determine the degree of fire protection 
needed to make river-basin flood-control programs effective. 

The second important phase of the study of effects is the deter- 
mination of the special circumstances where benefits from fire exceed 
the damage done. Use of fire as a tool of management in adminis- 
tering lands for special purposes is inc reasingly advocated. Any 
use of fire for such purposes should be preceded by painst: aking 
research in both immediate and long-time effects to insure against 
unforeseen deterioration of soil and plant cover. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-2-3-1—Fire damage. In California the objective of this proj- 
ect is to establish methods for predicting the effects that may be 
expected from fires, particularly for mountain watershed lands where 
damage is primarily from increased runoff and erosion following the 
removal of vegetation by fire. Comprehensive work for southern 

California has been completed. Attention is currently being de- 
voted to developing the proper basis for forest lands of northern 

California. 

In the Lake States the purpose is to improve the estimates of 
physical damage and direct and indirect losses resulting from forest 
fires to increase the accuracy of damage appraisals. 

In the Southeastern and Southern States the purpose is also to 
furnish basic information for the appraisal of damage from fire both 
directly and indirectly. A cooperative project has just been com- 
pleted which provides a uniform basis for current appraisal of fire 
damage by the State foresters of the Southern and Southeastern 
States. C ontinuing studies on the effects of fire on southern pines 
are in progress. Cooperative studies are being initiated on the effect 
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of fire on water yield and quantity. Studies on growth loss and on 
damage to reproduction are being continued. Work is nearly com- 
plete on longleaf pine. 

D-2-3-2— Beneficial uses of fire. In the northern Rocky Mountain 
region the purpose is to determine for any specific area whether or 
not the purposeful and controlled burning of high-hazard fuels is 
economically or otherwise justifiable. In this region there are large 
areas of hazardous dead fuel characterized by extreme rates of spread 
of fire and extreme resistance to its control. Fuels consist of deep 
and jumbled masses of dead timber and many standing dead snags. 
Even travel on foot through such areas is very slow and requires 
great skill. They are created by single burns in heavy stands of 
green timber, by insect attacks, by blowdown from tornadoes, and 
from partial cutting in areas of very heavy but unmerchantable 
timber growth. They are very difficult to protect and are a constant 
threat to adjoining areas. Burning projects to clean up such areas 
have been proposed. Projects requiring $50,000,000 expenditure 
have been advocated by authorities on the subject in order to save 
much greater costs and losses over the years. This poses questions 
of equal magnitude requiring research. This work is currently 
inactive for lack of funds. 

In forests of the Pacific Northwest the purpose is to determine the 
silvicultural effects of fire used to remove part of the fuel hazard 
created by logging. The burning of logging slash, in accordance 
with State law or Federal regulations, is an annual activity through- 
out forests of Washington and Oregon which amounts to approxi- 
mately $1,000,000. It is highly important that this work be con- 
ducted in such a way that benefits will exceed damages. It is 
important, too, that variations in the effects of burning be more 
carefully determined in order that wise policies and proper dis- 
crimination can be applied in the use of fire for such purposes. 

In the Southeastern States the purpose of one project is to deter- 
mine the beneficial uses of fire in forage production. This project is 
being conducted in cooperation with the Bureau of Animal In- 
dustry and the Bureau of Plant Industry, Soils, and Agricultural 
Engineering. 

In the Southern States studies have been completed confirming the 
value of prescribed burning to stimulate reproduction of longleaf 
and slash pine, to reduce losses from brown spot in young stands, 
and to reduce fire hazard. Most phases of this work were completed 
for longleaf pine in 1950. 

Investigations in the use of fire to control hardwood brush and for 
other silvicultural purposes in loblolly and shortleaf pine and deter- 
mination of its effects on soil are being initiated in both the Southern 
and Southeastern States. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Early in the organization of fire-control work, the theory was 
evolved that the point where the sum of costs plus losses from fire is 
at a minimum is the proper balance to be sought in financing fire pro- 
tection. This has long been recognized as a proper guide to policy in 
organizing fire-control work, but public damages have never been 
sufficiently appraised to enable this theory to be applied. Even the 
damages to which a definite market value can be ascribed are seldom 
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accurately appraised. This lack of information is a serious handicap 
to placing forest-fire protection on a sound insurance basis. 

The burning of logging slash after timber cutting to reduce fire 
hazards has long been practiced in the West. At first it was practiced 
generally. Now it is usually limited to 10 percent of the area. Precise 
appraisal of the damages and benefits involved is lacking, though pol- 
icies have been made and changed several times based on administra- 
tive considerations. The cost of burning slash is high, but the in- 
creased costs and losses that result from large areas of such fuels are 
also critical. The effects on establishment. and growth of trees vary 
and are still controversial. Proper discrimination in policies on tim- 
ber sales and in fire control awaits further research. 

The use of fire as a tool in accomplishing various other special pur- 
poses in management of wild lands is being advocated. Investiga- 
tions to date have demonstrated that fire can be used beneficially if 
applied according to certain specifications in certain forest areas of 
the South. Benefits attainable are preparation of seedbeds, control of 
brown-spot disease, reduction of fire hazards, improvement of forage, 
and control of competing vegetation on longleaf and slash pine | lands, 
These findings have caused changes i in Forest Service policy and have 
resulted in a current program “of prescribed burning on national 
forests amounting to 50,000 acres per year. Extension of prescribed 
burning to loblolly and shortleaf pine types and to assist. reproduction 
of pines in other regions is currently being advocated. The long-time 
effects of repeated burning on various soils and the damages - to be 
expected among less-fire-resistant species remain to be determined. 
Increase in forage value that may be induced by fire and the degree 
to which it is offset by accompanying fire damage to other v ralues are 
currently highly controversial over large areas and also demand 
intensive investigation. 

Each of these circumstances challenges research effort to produce 
dependable information. Currently, special attention is being given 
to watershed damages from fire in the West and to use of fire for 
beneficial purposes in the Douglas-fir region of the Pacific coast and 
in the Southern and Southeastern States. Work to date has demon- 
strated that there is a definite place for the use of fire, but it has 
not determined the long-time effects of repeated burning.  ‘Tech- 
niques and results have not been tested sufficiently to justify pre- 
scribed burning in other forest regions and for other purposes where 
use of fire is also being advocated. 









D. FUNDS—-ANNUAL EXPENDITURES 





Research in fire effects, particularly in fire damage, has been 
carried on largely incidental to other projects except for the work 
on prescribed burning i in the Southern and Southeastern States and 
the watershed damage project in California. In the South, work 
has been on a cooperative basis with national forest administration 
furnishing most of the funds. In California the appraisal work was 
carried out in cooperation with the Division of Forest Influences. The 
approximate current expenditure in determining fire effects in various 
cover types is at a rate of about $40,000 per year. Full-scale attack 
on the problem would require an annual expenditure of about $200,000 
a year for a 10-year period. In the past, expenditures chargeable te 
this project have varied from $5,000 to $50,000 annually. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Past work in fire effects has helped to set the policy of the Forest 
Service in giving priority to fire protection on national forest lands. 
It provided the basis too for the statistical damages reported each 
year from forest fires. Recent outstanding accomplishments consist 
of the comprehensive appraisal of damages to be expected from fires 
throughout the southern California watersheds, and the beneficial uses 
of fire in the protection and management of Coastal Plain forest lands 
of the South. 

The beneficial use of fire for seedbed preparation, for control of 
fungus diseases, for control of competing vegetation, and for redue- 
tion of fire hazards has been demonstrated for the longleaf-slash pine 
type in the flat lands of the South. Prescribed burning, which is 
done according to specifications developed by research, is being prac- 
ticed on approximately 50,000 acres per year of national forest lands 
in the southern region. 

Investigations in the Douglas-fir region have shown that logged- 
over land increases in fire hazard over virgin timber to a point where 
fire spreads four times as fast and requires about three times the 
number of men for control. Better accessibility to both manpower 
and equipment offsets this disadvantage in part but shows high justi- 
fication for fire hazard reduction. However, burning may retard the 
establishment of new seedlings if not followed promptly by good seed 
crops. 

F. SOME ADDITIONAL WORK NEEDED 


More exact knowledge is urgently needed on the effects of forest, 
brush, and grass fires on the percolation and runoff of precipitation 
in watersheds of varying soils and geology. Such information is of 
great importance in properly relating forest-fire control to flood- 
control programs and water use and requires joint projects with the 
Division of Forest Influences. Research in the effects of fire on the 
productive capacity of soils is also highly important because of the 
proposed use of fire for various special purposes. Research to estab- 
lish the public importance of other damages that are commonly classi- 
fied as intangible and which consist of effects on wildlife, scenic values, 
and recreational use are important in order to establish the full basis 
fer discrimination in public policies and the allocation of fire-control 
expenditures. Research is also badly needed in the varying response 
of various species of plants to fire in order to establish more clearly 
the particular circumstances under which controlled fire can be used 
beneficially. 


ConTrRoL oF ENVIRONMENTAL Facrors AFFECCING THE START AND 
BEHAVIOR OF FIRES 


(FS—D-2-4—Federal) 


A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to make fire protection easier by changes 
that can be brought about in the local environment. The local environ- 
ment of a particular tract of forest, brush, or grassland includes 
many factors subject to control. A great many factors, which might 
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be considered a part of the local environment for a particular period 
of years, have important influences on the susceptibility of the plant 
cover to fire and to the cost of protecting it successfully. The effect of 
many of them can be offset in various ways. Ey 

Currently, two phases of work are receiving attention within this 
general category. The first is a careful exploration of the possibility 
of preventing some of the lightning fires that become an annual menace 
to forest cover in many parts of the West. Possibilities of dissipating 
local thunderstorms, while they are still in the early stages of develop- 
ment, have been demonstrated through recent research in cloud physics 
through Project Cirrus and work by Weather Bureau meteorologists. 
Investigation to determine whether or not the use of such techniques 
is practical is being initiated in a small way at the northern Rocky 
Mountain station at Missoula, Mont. Full development of the work 
must await the availability of funds. The second phase of this genera! 
project is concerned with controlling the species and oe of the 
plant cover by various techniques in order to oe firebreaks or to 
reduce the flammability of the cover in general. 


B. CURRENTLY ACTIVE LINE PROJECTS 





D-2-4-1— Weather control and lightning prevention. To reduce 
damages and costs of lightning fires by preventing the formation of 
lightning at its source in the clouds. In the northern Rocky Mountain 
region, 1,533 lightning fires have occurred in a single 10-day period. 
The purpose of the project is to attempt to reduce these peak fire 
loads. 

D-2-4+-2— Vegetation control to provide firebreaks. The objective is 
to determine the effectiveness of chemical compounds and other 
measures for controlling the growth of flammable vegetation on 
firebreaks, trails, roads, and other ways. In California, special study 
is being given to cheap chemical methods of keeping firebreaks free 
of flammable vegetation. In the Southern States special attention 
is being given to development of green firebreaks through special 
methods of culture and grazing. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Much attention has been given to the development and maintenance 
of firebreaks over the years. The high cost of maintenance has pre- 
vented firebreaks from being used in many of the situations where 
they would be desirable. : 

More effective and cheaper means of maintaining cleared strips 
through the use of chemicals would be worth many thousands of 
dollars to operating agencies annually, and the information being de- 
veloped is eagerly sought. Throughout the Southwest the invasion 
of an annual grass, commonly termed cheatgrass, has made large 
areas of both range and. forest land much more flammable than 
previously. The result has been fast-running fires and much higher 
damage and costs wherever. cheatgrass is prevalent. Any and all 
measures which will reduce the prevalence of cheatgrass will greatly 
reduce the fire problem. So far, because of lack of funds, work has 
been initiated only by administrative forces of the Federal agencies 
concerned. In plantations, the admixture of nonflammable species 
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with flammable conifers, either throughout the stand or by strips 
and blocks, is a means of reducing fire liabilities. This practice needs 
to be developed on a systematic basis. The over-all effects of methods 
of cutting and disposal of slash need also to be more fully evaluated. 

The attractive possibility of reducing lightning fires through over- 
seeding local orographic clouds has grown out of the work designed 
to increase percipitation. The possibilities of breaking up an incipi- 
ent thunderstorm seem to be more promising than the seeding of clouds 
to produce needed precipitation. 


D. FUNDS--ANNUAL EXPENDITURES 


Work in this category is not separately financed but currently 
amounts to about $15,000 per year. At various times contributed funds 
have increased the total. Future work to accomplish immediate objec- 
tives would amount to about $50,000 a year. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Comprehensive investigations of a series of chemicals, particularly 
the more recent 2-4—D and 2-4-5-T, for their value in creating effective 
firebreaks and strips free of flammable vegetation are nearly com- 

‘lete and will be made available to all fire-control agencies by 1952. 
No one chemical or method of treatment will fit all situations. 


F. SOME ADDITIONAL WORK NEEDED 


Additional research is needed, particularly to determine the possi- 
bilities of reducing lightning-caused fires, both through preventing 
lightning strikes and through reducing the chance of ignition from 
the strikes that occur. Intensive investigation is needed in the tech- 
niques of management of wild land that will reduce its susceptibility 
to the start and spread of fires. Special work on reducing or replac- 
ing cheatgras wherever it is a dangerous fuze to highly flammable 
forest cover is urgently needed. 


Economics or Frre Conrrot Measures 
(FS—D-2-—5—Federal-State Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is twofold: (1) To determine how much 
we can afford to spend for fire control under various circumstances 
and (2) to determine the most profitable allocation of funds and effort 
within the fire activity. Costs are important in all phases of fire- 
control work. A favorable return compared to cost must be demon- 
strated before a change in operating methods, techniques, or equip- 
ment can be recommended by research. For that reason economic 
analyses carried out jointly by research and administrative firemen 
are a necessary part of the task of putting research findings into use. 
This concerns all preceding projects, and the economies of fire-control 
measures enters into each. This is particularly true of studies in fire 
effects and in efficiency of fire-control measures. The special projects 
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that are identified as economics studies alone are usually of an over-all] 
nature, concerned chiefly with the first purpose described. 














B. CURRENTLY ACTIVE LINE PROJECTS 

D-2-5—1—Economies of fire control. The first active phase under 
this heading consists of a fire-problem analysis for the State of 
Michigan. 

The second is a continuing project to determine where and when 
prescribed burning for various purposes is justified on southern pine 
lands after evaluating the cost-plus damage and comparing the total 
with benefits. Benefits to the stand as well as through the reduction 
of fire hazards are involved. A report was completed | during the year 
but further studies are being carried on as extension of prescribed 
burning is advocated. Other ‘aspects of this work are discussed under 
the project, fire effects, p. 1548. 
























C. HISTORY AND EVOLUTION OF THIS WORK 





The first research in the economics of fire control was concerned 
with determining the expenditure justified for protection from fire to 
prevent damage that could be anticipated without organized protec- 
tion. Early administrators were concerned too with the question of 
whether or not organized protection could be justified in so-called low- 
value areas. As discussed under the project Fire Effects, such studies 
were inconclusive because of incomplete evaluation of the public 
values inherent on large areas of wild lands though organized protec- 
tion was shown by experience to be worth while for all forest lands. 
However, two principles were developed which have continued to 
shape the fire-control policy of the Forest Service. The first is that 
the objective of fire control must be to give adequate protection at a 
minimum cost. The second is that a good gage of whether this is being 
accomplished is whether or not there is a favorable ratio between fire- 
protection costs and the losses prevented. This is often formulated as 
a matter of seeking the point where the sum of cost plus losses is at a 
minimum. Since that time, attention has been focused on the eco- 
nomics of using machines to replace manpower, on the economics of 
aerial operations, and on the proper internal balance between expendi- 
tures for prevention, presuppression, and suppression activities. Such 
studies as have been carried on to answer these later questions have 
been undertaken by the national forest administrative organization as 
informal studies. Usually the findings cannot be applied beyond the 
urea concerned in the study. The proper combination of machines and 
manpower for best efliciency in fire fighting is particularly important 
_ present and is receiving some attention by administrative men. So 
far, financing of research has not made it possible to undertake work 
in this field, though a small start is being made. 












D, FUNDS—-ANNUAL EXPENDITURES 












At present economics studies are largely on an incidental basis or 
else are cooperatively financed through State funds. Currently the 
total would not exceed $8,000 of Federal research funds plus about 
$10,000 of funds from State sources. A comprehensive program of 
work concerned with all economic phases of fire control now in need 
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of attention would require about $150,000 annually and would involve 
one or more projects for each national forest region of the country. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The outstanding accomplishments in this field from work to date 
consist of a consciousness of costs on the part of all responsible fire- 
control men and a knowledge of the operation of the law of climinish- 
ing returns in developing fire plans. The very comprehensive water- 
shed di amage study recently completed in southern California, which 
provides an economic base for allocating funds and efforts in fire con- 
trol, is an outstanding accomplishment. A _ fire-control planning 
project, carried out under the supervision of national forest adminis- 
tration in the northern Rocky Mountain region, which thoroughly 
develops the mathematical odds for various situations which demand 
high expenditure, is also a significant contribution in this field. 


F. SOME ADDITION AL WORK NEEDED 


Although a favorable cost-benefit ratio has been accepted as the 
correct principle in forest-fire control, much further research is 
needed to apply such principle both to the undertaking as a whole in 
competition with other public expenditures and to special situations 
and special phases of the present fire-control job. The use of economic 
principles to test the soundness of fire-control investments and ex- 
penditures has long been handicapped by the absence of acceptable 
means of appraisal of the so-called intangible public values. Cur- 
rently much evidence has accumulated which can make new work in 
this field very profitable. At the same time the whole fire-control 
enterprise is full of questions on cost compared with return, which 
need careful analysis. Examples of recent questions, which appar- 
ently need further attention, are: Where and when can aerial methods 
be used to advantage to replace detection of fires from fixed lookouts ? 
Under what conditions can aerial transportation profitably replace 
other forms of transportation and to what degree should it supple- 
ment other forms of transportation in specific instances? Another 
very pressing question is that of use of mechanized equipment which 
can replace manpower. Analysis is needed of the specific conditions 
under which each piece of equipment can pay its way. Study is 
needed as well on the question of the most favorable combination of 
machines and manpower to attain best efficiency in typical fire-fighting 
jobs in each locality. Labor costs are now so high that many con- 
ventional practices in forest-fire fighting need to be revised by intro- 
ducing varying degrees of mechanization. The improved efficiency 
possible through cost and economic studies of all aspects of the 


$50,000,000 fire-control enterprise justifies a strong program in this 
field. 


Som Reiations 
(FS—D-3-1—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the characteristics of forest and range land soils under 
natural and disturbed conditions, as they affect ‘soil stability and 
the disposal, behavior, and usefulness of precipitation and water flow. 
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Current effort is concerned primarily with investigating the role of 
soil as a natural storage reservoir, especially its ability to take in and 
store precipitation under different kinds and thicknesses of vegetation 
and under varying degrees of use and management. Fund: amental 
purposes are to (i) determine the physical and biological factors 
which affect the stability of soils; (2) determine the effects of soil in- 
stability upon erosion, character of runoff, and sedimentation; and 
(3) devise methods for correcting unstable soil conditions on forests 
and range lands. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-3-1-1—Infiltration. To determine the quantities and rates of 
water intake into the major forest, brush, and range land soils as 
influenced by climate, geologic conditions, topography, vegetation, and 
land use, and the relation of water intake to rates of surface runoff 
and soil loss. 

D-3-1-2—Storage (moisture). To study the water transmission 
and storage characteristics of forest and range soils, the vegetation 
and subsurface conditions influenci ing storage capacity, the relation 
of storage capacity to the yield of water from various areas, and the 
effects of management practices in restoring and maintaining favor- 
able conditions for water storage in the soil. 

D-3-1+—Biology; native vegetation. To determine the quanti- 
tative effects of treatments and ch: anges in forest and grass vegetation 
of areas in the eastern slope of the Rocky Mountains in Colorado upon 
soil erosion, surface runoff, and water movement in the soil, and to 
analyze the value of various native plant species in checking erosion. 

D-3-1-5—Stability. ‘To determine (1) the relative degrees of soil 
stability and the sources and rates of erosion from forest and range 
lands under different climatic, geologic, and plant cover conditions; 
(2) the physical and chemical properties of soils which influence their 
stability; and (3) to develop methods for stabilizing and reclaiming 
eroded or denuded slopes, overgrazed and improperly logged areas, 
mine dumps, bare road and stream banks, and lake shores. 

D-3-1-6—Soil stability in burned watersheds. To compare soil 
losses in untreated and treated portions of burned mountain areas as 
an index to the effectiveness of restorative measures in relation to size 
and seasonal characteristics of burns and to improve the techniques of 
erosion measurements. 

D-3-1—-7—Soil stabilization in burned watersheds. To improve and 
develop practical methods of reducing surface runoff and erosion on 
burned forest and brush-covered watersheds and to advise land man- 
agers on methods of applying recommended techniques on specific 
burned areas 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigations and experiments on some phases of soil relations go 
back to 1905, but comprehensive research dates largely from 1930 
The widespread extent of forest and range erosion, especially in the 
West, in the face of a rapid extension of river-basin developments, has 
accentuated the problems of reservoir siltation and flood and debris 
discharge and enhanced the economic importance of restoring and 
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maintaining favorable soil and cover conditions on the contributing 
watershed areas. The research thus far has thrown additional light 
on the natural and human factors which make for soil instability and 
has contributed principles and techniques of much value in effectively 
correcting unsatisfactory conditions of erosion and runoff and in mini- 
mizing da umages by grazing, timber harvesting, and road and trail 
construction on forest and range lands. 


D. FUNDS—-ANNUAL EXPENDITURES 


No records are available on total expenditures, as funds were not 
specifically designated for individual work projects among the several 
experimental areas involved. The approximate expenditure for fiscal 
year 1950 is estimated at $146,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The studies and experiments on soil characteristics and relations 
have resulted in a much clearer understanding of the role of forest and 
range soils in the hydrologic cycle, the eflects of various practices upon 
soil ‘stability, the efliciency of various methods for restoring damaged 
soils, and the practices needed to maintain favorable soil-water re éla- 
tions. Accomplishments include the following: 

Minimum grazing standards.—On coarse soils derived from granite 
in southern Idaho, plant growth must occupy at least 70 percent of the 
surface to prevent soil losses and harmful runoff. Densities less than 
70 percent are ineffective in controlling soil and water losses. 

Control of flood and debris damage.—Studies in the Wasatch Moun- 
tains of Utah show that damaging discharges are traceable to over- 
grazed or burned portions of watersheds amounting to 10 percent or 
less of the total area. This know ledge has stimul: ated the purchase of 
watershed lands by local interests and their transfer to the Forest 
Service to assure adequate protection and proper management. Erod- 
ing slopes have successfully been stabilized and surface runoff greatly 
reduced by a combination of artificial revegetation and contour 
trenches. ‘The latter are designed to catch and store the water from 
torrential summer rains on steep mountain sides. No damaging flows 
have since been suffered. 

Improved gully control—Analysis of soil losses has resulted in re- 
vised standards for controlling deep gullies in northeastern Missis- 
sippi, including the substitution of loblolly pine for black locust in 
planting and a large reduction in the number of check dams, among 
other features, thus making control more effective and less costly. 

Serious effects of woods grazi tion by continued 
livestock grazing in southern Appalachian sandened forests has seri- 
ous consequences. It changes the soil from a porous blanket to a 
hard drain board. After 8 years the ability of the soil to take in water 
was reduced 96 percent, and the accumulation of storm surface water 
increased 625 percent. It is now, possible to connect the early stages 
of woods deterioration with livestock trampling and to explain the 
processes involved as an aid to the scientific management of hardwood- 
forest areas. 

Soil-moisture measurement.—Until recently it has been very difficult 
to determine the rate of water transmission through natural soils in 
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the field. ‘The development of a fiber-glass unit and moisture meter 
has provided an accurate and quick means of measuring the amount 
and movement of moisture through the different layers of the soil. As 
a result, it is now possible to determine how fast water moves through 
the soil, the amount and rate of water extraction by plant growth, and 
the downward movement of gravity water out of the root zone to the 
water table. For example, in one California study involving a vege- 

tated area and a bare area, measurements over a 4-year period showed 
that out of an annual rainfall of 41.5 inches, the vegetated plot took 
in all the rain, while the bare plot took in about 30 inches, the rest 
running off the surface. Of the water taken in by the vegetated soil, 
16.3 inches were lost by evaporation and transpiration, and 25.2 inches 
moved downward to the water table; on the bare plot, 12.6 inches were 
lost by evaporation, and 17.1 inches went to the water table. Thus, 

the vegetated plot yielded’ over 8 inches more clean water for the 
re plenishme nt of underground storage supplies. 


F, SOME ADDITIONAL WORK NEEDED 


Role of soil organisms.—It has long been known that the organic 
life in the soil plays a vital part in humus decomposition, building 
up favorable soil structure, and sagt the availability of soil 
nutrients. It is also known that fire, grazing, cutting, logging, and 
other forest and range practices markedly affect the population and 
activities of soil organisms. A much more adequate knowledge of 
these relationships is needed in order to develop systems of protection, 
utilization, and management which will improve the productivity of 
the soil and its functioning in the water cycle. 

Methods of soil stabilization.—On large areas, as in the Colorado and 
Missouri River Basins and within the mountain sections of the South- 
east, fire, overgrazing, or logging have weakened or destroyed the 
protective plant cover on range or ‘forest lands, ¢ ausing serious erosion 
of slopes. Successful techniques and methods of reclaiming these 
damaged areas have yet to be developed. Instability of steep moun- 
tain slopes has gone so far as to defy control by presently known 
methods. Critical soil, moisture, and temperature conditions are at 
an extreme. Rehabilitation of such areas cannot be achieved even by 
complete exclusion from use. Investigations are urgently needed to 
determine the minimum conditions favorable for the reestablishment 
of plant growth and the possibilities and costs of applying supple- 
mental mechanical aids to protect the soil and restore the formerly 
favorable runoff and ground-water recharge conditions. Such studies 
must also be extended to include the stabilization of mountain-stream 
channels, in many of which downward cutting is actively in progress, 
thereby undermining and loosening large quantities of material from 
adjacent prec ipitous ; slopes. 

Improvement in soil-storage capacity.—In many places the capacity 
of forest and range soils to transmit and store water has been impaired 
by fire or abusive practices. Hardpan layers have often developed, 
inhibiting the downward movement of moisture. Investigations are 
needed to determine the cheapest and most effective ways of enlarging 
soil-storage capacity, especially by means of certain kinds of vegeta- 
tion whose roots are « capable of penetrating into and breaking up the 
denser layers and otherwise increasing the porosity of the soil. 
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Surveys of hydrologic soil characteristics —Specific knowledge of 
the hydrologic properties of soils is indispensable to sound ws atershed 
planning and operations. This type of stor mation is especially lack- 
ing on public lands. Such areas, because of their rugged topography, 
have often been classified in the ordinary soil surveys as having only 
shallow and stony soils. Such few detailed observations as have been 
made show that even stony soils in mountain areas are often far deeper 
and hold more water than suspected. A properly designed soils inven- 
tory is needed to permit adequate determination of these factors— 
particularly texture, structure, and depth—which affect the movement 
and storage of water. Techniques are needed by which this type of 
survey can be made economicaily and still provide information needed 
for more effective management of the water resource. 


PLANT ReLATIONs 
(FS—D-—3-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine (1) the extent to which various types and conditions 
of vegetation prevent rain or snow from reaching the soil and (2) the 
amounts and distribution of water losses by evaporation and transpira- 
tion. 

Current work involves study of the factors influencing water losses 
from the soil and its vegetation, the development of tec hniques either 
for decreasing losses by vegetation in areas of short water supplies or 
for increasing such losses in areas suffering from seasonally excessive 
flood runoff, and the deve lopment or improvement of plants capable of 
stabilizing eroded soils without consuming excessive amounts of 
moisture. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-3-2-1—Interception by forest and brush vegetation. To (1) 
determine the amounts and rates of precipitation intercepted by vege- 
tation; and (2) develop procedures for applying the data to watershed 
studies. 

D—3—2-2—Evaporation-transpiration losses by forest, brush, and 
range vegetation and soils. To determine the water losses from various 
types of upland and stream-bordering vegetation under natural and 
controlled conditions and the effects of changes in thickness and compo- 
sition of plant growth on such losses. 

D-3-2-3—P hysiology of chaparral species in southern California. 
To investigate the growth, root characteristics, reproduction, responses 
to moisture and nutrients, and other basic physiological processes of 
various chaparral species as a basis for determining their behavior 
under the adverse conditions existing on burned or otherwise denuded 
mountain lands. 

D-3-2-4—E cology of chaparral in southern California. To deter- 
mine the composition and structure of chaparral plant associations, 
especially their manner and rate of development following fire, and 
the suitability of various mixtures for planting on dry, eroded sites. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


The earliest systematic work began in 1910 at Wagon Wheel Gap in 
Colorado as part of an experiment on two water sheds to determine 
the effects on streamflow of removing the forest cover. Not until 1930, 
however, was detailed attention given to the several climatic, soil, 
and veget: itive factors which influence the amount and distribution of 
precipitation that reaches streams. The steady growth in demand for 
adequate water supplies has increased the value of deter mining the 
relative importance of these factors and the extent to which they might 
be modified to produce increased water yields. Research findings SO 
far indicate the possibilities and limitations to obtaining additional 
water by cutting or otherwise modifying native vegetation. 


D. FUNDS—-ANNUAL EXPENDITURES 


Records on total expenditures for this work project are not available. 
The approximate expenditure for fiscal year 1950 amounts to about 
$96,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Timber harvesting and thinning under certain conditions signifi 
cantly increase water yields—The removal of mature lodgepole pine 
timber as a commercial operation in the Fraser Experimental Forest 
in Colorado increased by 18 to 26 percent above normal the amount 
of snow, and by 14 percent the amount of summer rainfall reaching the 
surface. In other experiments the thinning of dense young pine to a 
—— where 40 percent of the surface was shaded increased by one 
fifth the amount of water entering the soil from snow melt. 

Rainfall interception varies with distribution of rainfall and char- 
acter and density of plant growth.—Aspen forest growth in Utah inter 
cepted 20 percent of individual summer rains of one-half inch and 
over, and up to 70 percent of rains less than one-half inch. Herbaceous 
growth intercepted only about 45 percent of rains producing 0.5 inch 
of water. 

Water losses greatly reduced by removal of forest growth—Com- 
plete denudation of a forested watershed in the Coweeta Experimental] 
Forest in North Carolina resulted, the first year after cutting, in a 
measured gain in annual streamflow of 65 percent, equivalent to 17 
inches of water spread over the watershed. Low summer streamflow 
was also raised by 3 to 7 inches, definitely indicating favorable effects 
on the replenishment of underground water supplies. Cutting the 
stream-bordering forest vegetation, which occupied only 12 percent 
of the watershed, yielded an actual gain in streamflow of 20 percent. 
No deleterious effects were noted on water quality or on flood stages, 
as the vegetation was left in place where cut, thus providing full pro- 
tection to the soil. The savings were brought about entirely by de- 
creased evapo-transpiration losses, as the rainfall interception effects 
of the plant debris left on the surface were as great as those of the 
crown canopies and undergrowth before the vegetation was felled. 
Further observations must be made to detérmine the effect of regrowth 
on water flow. 
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Depth of penetration of soil by roots significantly affects the magni- 
tude of evapo-transpiration losses —In a 3-year experiment in Utah 
involving a stand of mountain aspen with an herbaceous understory, 
removal of the aspen alone produced a gain of 4 inches of moisture 
available for stream flow. ‘The removal of all vegetation, including 
the herbaceous growth, produced a total gain of 8 inches, but at the 
expense of soil losses from the bare ground amounting to 10 tons per 
acre. Roots of the aspen were found to extend 6 feet deep and those of 
the herbs 2 to 4 feet. Thus the aspen had 2 feet more of soil to draw 
water from. By removing the deeper rooted aspen, additional moisture 
was retained in the soil—below the depth susceptible to evaporation 
losses—so that less snow-melt water was required to satisfy the re- 
quirements of the soil for moisture before seepage into stream channels 
could begin. 

Character and depth of upland soils determine the likelihood of 
savings in water losses by remeig vegetation —Transpiration, un- 
like evaporation, drains water siinultaneously throughout the full soil 
depth pierced by plant roots. Evaporation, however, proceeds down- 
ward from the surface layers. In shallow soils, especially of a sandy 
character, evaporation may extend to the full depth. In such cases, 
the removal of vegetation will produce no water savings, as the reduc- 
tion in transpiration losses will be offset by increased evaporation 
from the greater supply of available soil moisture. In deeper soils, 
especially ofa clayey character, however, soil moisture below the first 
foot or less is little subject to evaporation. Hence any increases in 
moisture below that depth resulting from the removal of deeper-rooted 
species will remain in the soil. Less precipitation will therefore be 
required to overcome soil moisture needs before subsurface runoff to 
stream channels occurs. 


F. SOME ADDITIONAL WORK NEEDED 


Methods of safe ly reduci ung water losses by riparian growth.—Heavy 
water consumption by riparian vegetation is a serious economic prob- 
lem in areas of deficient water supply, both in the humid and arid 

regions. Losses may amount to as muc th as 6 feet per year, far above 
the amounts received from local precipitation. The more serious 
offenders include tamarisk (salt-cedar), cottonwoods, willows, and 
other moisture-loving plants. Initial removal or killing may have only 
temporary benefits due to the rapid growth of sprouts or other new 
water-using plants. Moreover, unless the work is carefully under- 
taken, stream banks may become unstable, leading to serious sedimen- 
tation problems. There is need for investigations to develop and test 
methods for safe, cheap, effective, and lasting reduction of riparian 
growth. Possibilities include the substitution of existing vegetation 
by shallow-rooted, low-water requiring plants which will also protect 
streams banks against erosion and provide shade along water courses. 

Upland fore st management practices to modify evapo-transpira- 
tion losses —Evaporation is affected by soil structure and texture as 
well as by local climatic factors. Research is needed on forest pro- 
tection and management practices which would help increase humidity 
and reduce surface temperatures and wind movement and, in addi- 
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tion, increase the organic content and improve the structure of the 
soil, thereby influencing the amounts and rates of evapo-transpiration. 

Factors affecting snow interception and storage.—Interception of 
snowfall by forest growth may greatly reduce the supply of water 
which might otherwise be available. Complete removal of the growth 
is not the answer. Although more snow would reach the ground, in 
many cases the gains might be offset by higher evaporation Tosses, and 
the more rapid melt of snow on exposed slopes might produce serious 
flood and debris discharges. Also, less water would be left in the 
snow mantle to meet the needs of downstream users later in the season. 
There is a need to develop criteria for determining the characteristics 
and densities of plant growth best suited to the production of maxi- 
mum supplies of snow water without creating undue disturbances to 
soil stability or streamflow. These criteria would be based upon ele- 
vation, prevailing wind direction, steepness, length, and direction of 
slope, and other factors which influence the amount and distribution 
of snowfall, and the rates of snow accumulation and melt. 

Soil litter —It is known that plant litter affects the intake and stor- 
age of water by the soil, but very little is known about the quantita- 
tive effects of different kinds of litter, and in particular, the rates 
of litter accumulation under different forest and range types and sys- 
tems of management. Still undetermined quantitatively is the effect 
of litter on evaporation and, perhaps as important, on the accumu- 
lation of soil moisture by condensation. Research is needed to find 
out how the storage capacity of the soil may be increased by litter 
accumulation and the practices necessary to achieve it. 

Ecological relations —The disturbance or removal of natural vege- 
tation by overgrazing and fire has resulted in the invasion of new 
types of growth of inferior value for run-off and erosion control. In 
some areas, especially on western ranges, the changes have been of 
such magnitude that no evidence of the original cover remains. Often, 
the current cover is erroneously judged to be the most effective when 
actually a much more protective cover previously existed. Research 
is needed to determine the stages of plant succession, the place of the 
present cover in these stages, and the possibility of advancing the 
development of those plant associations which would provide increased 
soil protection and better runoff control. 


Water RELATIONS 
(FS—D-3-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the characteristics, amounts, and distribution of 
precipitation and stream flow as related to forest, brush, and range 
vegetation; and (2) develop management practices for increasing the 
yield and usefulness of surface and underground waters. Investiga- 
tions and experiments involve the study of the physical laws govern- 
ing the relations of precipitation to stream flow and ground water, 
and the development and application of techniques for more accurately 
determining the extent and significance of these relations under 
natural and modified watershed conditions. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


D-3-3-1—Precipitation. To determine in detail the nature and 
manner of occurrence of precipitation on different parts of experi- 
mental watershed areas, including number of storms and intensities 
and amounts per storm, in relation to surface and subsurface runoff 
and stream discharge, and to investigate methods of improving the 
accuracy of rainfall sampling in mountain watersheds. 

D-3-4 Stream flow. To investigate the processes of runoff and 
stream low, including amounts and periodic fluctuations as affected 
by precipitation and watershed characteristics; to determine the in- 
fluence of specific soil and vegetative conditions and treatments on 
runoff and stream flow; and to develop methods for improving the 
accuracy of stream-flow measurements in turbulent, debris-laden 
mountain streams. 

D-3-3-3—Water quality. To determine the watershed conditions 
that govern the clarity, purity, and chemical content of water in 
natural streams and the effects of forest and range practices upon these 
factors, and to test out and recommend economical land use practices 
that will provide good quality water. 

D-3-3-4— Biology. To investigate the effects of commercial log- 
ging on salmon streams in southeastern Alaska. 

D-3-3-5—Ground water. To determine the effect of changes in 
vegetation upon the amount and movement of ground water and the 
relation of ground water to stream flow in the Delaware Basin in 
Pennsylvania. 





C. HISTORY AND EVOLUTION OF THIS WORK 


Individual studies of some phases of precipitation-stream flow rela- 
tions were made as far back as 1900. Systematically organized work 
followed enactment of the McSweeney-McNary Research Act of 1928. 
Stream flow is a result of the interaction of many natural and human 
factors. Precipitation is a major element, but the form and slope of 
the land, the number and arrangement of water courses, the condition 
of the plant cover and soils, and the cultural activities singly and col- 
lectively exert considerable influence also. ‘The influence of each fac- 
tor varies from area to area and from season to season. Research 
efforts have primarily been directed toward determining the relative 
importance of the several factors and the possibilities and means of 
modifying them in the interest of enhancing the benefits and reducing 
the damages from water flow. 


D. FUNDS--ANNUAL EXPENDITURES 


Funds for this work are allotted under the general heading of “For- 
est influences research” so that no records of total expenditures are 
available. The approximate expenditure for fiscal year 1950 was 
around $125,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


New factors in water relations —The amount and character of rain- 
fall and stream flow in mountain areas are affected by topography and 
slope direction and by channel conditions. The application of im- 
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proved techniques has uncovered previously unsuspected differences 
due to these factors. One of the problems in determining rainfall is 
the failure of rain gages to measure all the rain that falls. Gages tilted 
perpendicularly to the surfaces of mountain slopes in southern Cali- 
fornia were found to provide more accurate measurements. ‘This im- 
provement, in association with the development of special types of 
stream gaging weirs and flumes for more accurately determining the 
flow of turbulent mountain streams, has yielded new clues as to the 
behavior of watershed areas under various topographic conditions. 

More water from induced snow drifting—Tests with natural and 
artificial wind barriers in the Wasatch Mountains in Utah show that 
significant gains in snow accumulation and water yield can be obtained 
by such methods. Drifts behind strips of spruce trees and high fences 
averaged 93 inches deep as against 55 inches elsewhere. Furthermore, 
snow melt was delayed by 2 to 3 weeks, thus assuring later water for 
local irrigationists. ‘These tests indicate the value of directed timber 
cutting or planting in high snowfall areas. 

Floods and impaired water quality result from improper grazing 
and logging.—The destructive effects of poor forest use are brought 
out by experiments in the southern Appalachian Mountains in North 
Carolina. A woodland watershed subjected to uncontrolled grazing 
over an 8-year period produced a flood peak of 27 cubic feet per square 
mile from a 2-inch rainstorm, and 58 cubic feet from a 3-inch rain. 
Previous to grazing, a 2-inch rain produced only 23 cubic feet and a 
3-inch rain only 27.5 cubic feet or half as much as when grazed. 

On the watershed subjected to uncontrolled logging, water quality 
markedly depreciated. Average turbidities (muddiness) rose to an 
average of 94 parts of soil (by weight) per million parts of water, 
and to a maximum of 6,000 parts per million (p. p. m.). On an adja- 
cent unlogged watershed, however, the average turbidity was only 4 
parts per million and the maximum (following storms) only 80 parts 
per million. These differences are highly significant in terms of water 
usability and treatment costs when it is realized that the turbidity 
tolerance for domestic and industrial water supplies is as low as 10 
parts per million. 

Separation of stream flow and ground water.—Stream flow does not 
always reflect the amounts of water available for downstream use. 
Tests in southern California mountain watersheds indicated that out 
of a total calculated annual yield of 17.6 inches, only 4.6 inches ap- 
peared in the streams, the remaining 13 inches going directly under- 
ground through the soil and rock crevices. The method developed 
for determining the proportions of surface and ground-water flow will 
permit better estimates of yield than stream-flow measurements alone, 
especially in areas where water can percolate into the rock formations. 


F. SOME ADDITIONAL WORK NEEDED 


Development of methods for inducing snow drift.—Results to date 
from research in this field indicate promising possibilities for encour- 
aging snow drift. Further study is required on the most effective 
and economical methods of developing barriers, the maximum size 
of drifts that can be formed, the best types of fences, the most suit- 
able plant species for natural barriers, and the effects of induced snow 
drifts on stream flow. 
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Increasing desirable water yields—In certain western localities 
much potentially useful water is wasted by the rapid runoff from 
intense summer storms or spring snow melt over bare or poorly vege- 
tated mountain slopes. This problem is particularly serious where it 
is not feasible to construct artificial storage facilities such as reservoirs. 
Among the several possibilities is that of guiding and dissipating the 
runoff from the higher slopes into brush fields lower down where 
the water can better be absorbed by the soil and rock layers for later 
seepage into stream channels. Research is needed to develop and 
test the feasibility of special types of water spreading, among other 
methods, in accomplishing this objective. 

Improved ground water recharge by vegetative methods.—The in- 
creasing importance of ground water as a source of water supply 
emphasizes the need for research on the relation of forest and range 
cover to ground-water recharge. A few studies have shown that the 
amount of water available for recharge is influenced by the type of 
vegetation on the recharge area. However, no specific studies have 
been made which show effect of vegetation on ground water levels or 
in the base flow of streams whose source is ground water. Further, 
more information is needed on the location of important recharge 
areas for the purpose of determining where management can be under- 

taken to best advantage. An essential part of this research is the 
development of techniques to trace the proportions of precipitation 
that go to stream flow and to ground water. An unexplored but highly 
fruitful possibility lies in the adaptation of radio isotopes as tracers 
for this purpose. 

Cumatic RELATIONS 


(FS—D-3-5—Federal—Reegular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the influence of native and planted forest and range 
vegetation upon the climatic factors of the immediate environment. 
Investigations involve the measurement and analysis of soil and air 
tempel ‘atures, precipitation, wind movement, snow storage, humidity, 
evaporation, and other factors, in relation to the types and densities 
of vegetation, and the effects of changes in the vegetal cover upon 
these factors. 

B. CURRENTLY ACTIVE LINE PROJECTS 





D-3-5-1—Local climate. To analyze the influence of forest growth 
upon the local climate of experiment al deciduous forest watersheds and 
of pine plantations as compared with conditions in the open. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Incidental information on local climate has been obtained from 
time to time at various localities, particularly in connection with studies 
of the possibilities of establishing windbreaks and shelter belts on the 
Great Plains. Specific investigations in this field date largely from 
1930. That forests affect local climate and through this the function- 
ing of the water cycle is well established. How and to what extent 
specific forest conditions affect climate has important consequences 
for the management, restoration, or development of forest growth as 
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a means of improving the water resource, or ameliorating unfavorable 
climatic conditions, as in the Plains region. Thus the techniques of 
forest or shelter-belt planting on critical areas can be successful only 
by adequate knowledge of “the atmospheric factors operating on 
exposed soil. 

D. FUNDS—ANNUAL EXPENDITURES 


Records on total expenditures are not available. The approximate 
expenditure for fiscal year 1950 was about $8,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Forest denudation produce s adverse effects on local climate-—Sev- 
eral years’ measurements on a smelter-denuded area and the sur- 
rounding grassland and forest in the Copper Basin of Tennessee 
showed that the barren, eroding area neltxee higher winds, con- 
sistently less rainfall, higher maximum, lower minimum, and higher 
average temperatures than the undamaged forested zone. These ob- 
servations, published as a Department circular in 1948, led to a decision 
to reforest the denuded area. The permanent records resulting from 
this study will provide a basis for future comparisons. 


F. SOME ADDITIONAL WORK NEEDED 


Influences of shelter belts and windbreaks. —Large areas occur where 
hot, drying winds limit land use by creating conditions unfavorable 
to soil and moisture conservation. Such areas are found not only 
in naturally treeless regions but also in formerly forested regions 
where the cover has been destroyed. Windbreaks and shelter belts 
might break up such areas, thus creating more favorable conditions 
for living and for farm, forest, and ranch enterprise. In the Great 
Plains region thousands of shelter belts and windbreaks have been 
planted since 1933. Many of these have reached a stage where their 
continued effectiveness will depend on special measures. Research 
is needed to determine the climatic effects of different kinds, locations, 
and widths of windbreaks and shelter belts and what kinds of treat- 
ment will best improve and maintain their beneficial influences, 


WATERSHED MANAGEMENT 
(FS—D-3-—7—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) separate out the factors of the water cycle as affected by 
land forms, rock structure, soils, and plant and animal life in sider 
to determine the net effects of various combinations of these natural 
factors, together with human activities with respect to water produc- 
ion from forest, brush, and range lands; and (2) develop oe 
and standards for the protection and management of these lands a 
water-resource areas. 

Present work involves analysis of watershed characteristics in rela- 
tion to water yields, behavior, and quality; the location of sources of 
damage to water resource values and the responsible natural and 
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human causes; and the development of techniques for classifying 
watershed lands as a basis for their proper management. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-3-7-1—Forest. To determine the net effect of various forestry 
practices and related land uses upon water quality and yield and 
erosion and sedimentation, and to interpret the results in terms of 
regional water resources problems and their solution. 

D-3-7-2—Brush. To evaluate the relative importance of various 
natural factors on erosion and stream flow in relation to soil and 
organic life on mountain brush areas in southern California, and to 
develop methods of improving and managing such lands for the 
protection and benefit of downstream communities. 

D-3-7-3—Range. To determine the requirements for long-time 
management of southwestern range lands for the production of usable 
water, the reduction of accelerated sedimentation, or both. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Systematic provision for watershed management investigations as 
an integral part of research dates back to 1930. Watersheds are the 
products of many interacting forces, some subject to modification by 
man, others not. The operation of these forces brings about given 
sets of watershed conditions which vary—within certain limits—from 
season to season and over the years. ‘These conditions express them- 
selves in the behavior of stream flow. Changes in watershed condi- 
tions are therefore reflected in changes in stream-flow characteristics. 
The greater the extent of our know ledge of watershed characteristics, 
the more nearly will we approach an understanding of the factors 
which affect stream flow. Study of the individual factors such as 
precipitation, soils, stream-flow rates, vegetation, etc., however essen- 
tial, will not provide this understanding. Only by examining the 
interrelationships among these factors—in other words, their total 
environmental effects—can we hope to acquire a degree of knowledge 
that will permit us to achieve the maximum degree of control and 
beneficial use of the water resources. 


D. FUNDS--ANNUAL EXPENDITURES 


Records of total expenditures for this work are not available. The 
approximate expenditure for fiscal year 1950 was about $42,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Western range lands need special care to reduce sedimentation —Re- 
sults of studies and experiments indicate that the lower, drier range 
lands in the Southwest, where rainfall is limited and other climatic 
factors are severe, must be managed with extreme care to maintain a 
plant cover adequate to reduce soil erosion and consequent sedimenta- 
tion of bottom lands, channels, and reservoirs. When once the plant 
cover is depleted as by overgrazing, natural revegetation may fail en- 
tirely and even artificial revegetation may often be unsuccessful by 
existing known methods. 
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Management for optimum water yield must be based on detailed 
knowledge of precipatation-stream flow relations.—In the Southwest, 
winter precipitation yields the bulk of stream flow from forested lands 
at the higher elevations. Summer rains do not influence water yield 
except in a minor way from rain falling directly in and along the chan- 
nels. The bulk of the water yield comes from surface water rather 
than from subsurface sources. 

Water yield data have little practical meaning when expressed in 
averages; instead, successful interpretation of yields as affected by 
forest | growth and its management requires analysis of the extreme and 
median values of total and seasonal water flow. 

Maintenance of good watershed conditions requires knowledge of 
various land-use effects —Investigations and experiments in the 
Wasatch Mountains of Utah, in the Rocky Mountains in Colorado, 
and in the Appalachian Mountains in North Carolina show that, while 
some watersheds can stand heavy use without showing ill effects down- 
stream, others can stand only very light use. Grazing, fire, logging, 
land clearing, road building, or combinations of these practices within 
given water shed areas, unless ¢ arefully controlled, produce serious dis- 
turbances to stream flow as expressed in higher and more frequent 
floods, increased sedimentation, channel instability, and impaired 
water quality. By proper consideration of watershed requirements, 
disturbances and damages can usually be greatly minimized and in 
some cases eliminated altogether. 


F. SOME ADDITIONAL WORK NEEDED 


Criteria for zoning watershed areas—Watersheds, especially a 
larger size, may exhibit wide variations in climatic, geologic, to 
graphic, and soil and cover factors. The net effect may be hig iy 
critical conditions in some portions of a watershed and stable condi- 
tions elsewhere. Research is needed to develop criteria by which to 
determine the types and intensities of land and water use that can 
safely be permitted from one part to another. Major benefit from the 
development and application of watershed criteria would be in increas- 
ing the usefulness of present land-classification methods. The avail- 
ability of such criteria would greatly enhance the value of current 
land-classification methods. Sound land-use adjustments and prac- 
tices would be facilitated and the basis for land and water policy 
determination strengthened. 


Grazing MANAGEMENT 
(FS—D-4-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop management principles and practices for natural restora- 
tion of productivity and most efficient use of native forage-producing 
lands, commonly called range. Current work is concerned with deter- 
mining (1) satisfactory criteria for classifying the productive condi- 
tion of the r: inge, the reasons for deterioration, and factors favoring 
improvement ; (2) the best manner to utilize the available 1 range forage 
to assure sustained production, bring about improvement, and realize 
its maximum value in the production of livestock; and (3) the relation 
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of grazing use to timber production on forest ranges and to erosion 
control and other watershed values, game conservation, and other uses 
of all range lands. Information from such studies furnishes the basis 
for public and private policies and programs in the conservation and 
use of the 950 million acres of range lands in the United States. Coop- 
eration is maintained with the Bureau of Animal Industry, Bureau of 
Plant Industry, Soils and Agricultural Engineering, Soil Conserva- 
tion Service, Fish and W ildlife Service, State stations, and private 
owners. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-4-1-1—Intensity of grazing. To determine the most suitable 
rate of stocking for different range types and conditions. 

D-4—-1-2—-Season of grazing. ‘To determine the period livestock can 
best use the different range types. Of major importance is grazing 
each of these when a maximum amount of nutritious forage can he 
obtained or when grazing them best meets an important part of the 
annual livestock feed requirements. 

D-4—1-3—Systems of grazing. To develop and test systems of graz- 
ing, such as deferred grazing and alternate grazing, best adapted to 
different range types and conditions. Such systems concern both effi- 
cient use of the forage and livestock production. 

D+4-1-4— Utilization standards. To develop (1) standards for 
judging the relative current productivity of each range type in rela- 
tion to its potential productivity, (2) standards or criteria for deter- 
mining whether productivity of the range is improving or deteriorat- 
ing, and (3) standards or guides for utilizing important range forage 
plants under the different range conditions to assure improvement or 
maintenance of forage productivity. 

D-4-1-5—Noxious-plant control. To devise and test practical, eco- 
nomical methods for eliminating, reducing, and controlling stands of 
noxious (poisonous and low-value) pl: unts on the r: ange to reduce live- 
stock losses and foster improvement of the desirable vegetative cover. 

D-4—1-6—Big-game relationships. To determine an eflicient basis 
for grazing ranges jointly by range livestock and big game. 

D-+-1-7—H: indling range livestock. To develop and test practical 
methods which control or influence the movement of livestock on the 
range. Such handling is to secure satisfactory distribution and more 
uniform use over the entire grazable area, to reduce losses, and to 
attain more efficient livestock production. 

Supplementing range forage. To determine (1) nutri- 
tive deficiencies which occur in native forage plants at different stages 
of their growth and during different seasons of the grazing period, 
and (2) how such deficiencies may be remedied in an economical man- 
ner through feeding protein, mineral, and other supplements on the 
range. 


B. HISTORY AND EVOLUTION OF THIS WORK 


Grazing-management studies were initiated by the Forest Service 
in 1907 on a national forest in Oregon. During the following 8 years 
limited studies were conducted primarily to answer pressing adminis- 
trative problems on national forests in the 11 far Western States. 
Although these studies were helpful in formulating broad general] 
principles, the need for more fundamental knowledge became appar- 
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ent. The first range experiment station was established in Utah in 
1912 to facilitate more intensive studies. Grazing-management studies 
of the Bureau of Plant Industry, under way on experimental ranges 
in Arizona and New Mexico, were transferred to the Forest Service in 
1915. These aimed to answer questions arising from year-long grazing 
of semidesert vegetative types. Intensive studies were gradually ex- 
tended onto other public and private ranges in the Western States, 
and by 1937 were under way, at least in a limited way, in all western 
regions. Grazing-management research was extended to the Southeast 
in 1940, to the South in 1944, and to the northern Ozarks in 1949. 
Ranges of this country are extremely varied due to soil, vegetation, 
topography, and climate. Grazing management, to be efficient, must 
recognize these different situations. Therefore, the improved prin- 
ciples and practices developed from intensive studies on any one vege- 
tative type need to be tested and often modified to meet other range 
situations satisfactorily. 


PD, FUNDS—-ANNUAL EXPENDITURES 


With the establishment of the Office of Grazing Studies in 1910, the 
studies of grazing management received an annual appropriation of 
about $8,000. In 1915, with the transfer of studies from other agencies 
and added responsibilities, the funds were raised to about $25,000. In 
1932 approximately $115,000 was available; and in 1937, $125,000, 
which permitted some studies in all the western regional experiment 
stations. In 1945 funds totaled $200,000. For the fiscal year 1950 the 
allotment for grazing management approximates $385,000. This has 
permitted intensified and strengthened research throughout much of 
the West, the South, Southeast, and Central States regions. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The open-herding and bedding-out system of handling sheep —This 
method, originally developed from research for use on mountain 
ranges, is now widely applied throughout the West. It aims to move 
the sheep slowly over the range each day, to check lead sheep in the 
herd, avoid excessive concentration and trailing, and to bed the sheep 
on a new bed ground each evening without trailing back to an estab- 
lished camp. The application of this method on summer ranges has 
increased grazing capacity, added 20 pounds to lamb weights, pro- 
duced many more grass-fat lambs for direct marketing, and given 
greater returns to sheep owners. 

Increased production on winter sheep range.—By reserving desert 
range for winter use only, conservative stocking, and application of 
other improved practices, sheep owners obtain greater returns. For 
example, at the Desert Experimental Range in western Utah, a well- 
managed, moderately stocked winter sheep range yielded 21% to3 times 
as much forage over a period of 8 years as comparable heavily stocked 
range. Sheep grazed on the moderately stocked range produced fully 
a pound more wool per head annually and were 12 to 20 pounds heav- 
ier. Death of sheep from malnutrition was practically eliminated on 
the well-managed range, whereas 3 to 5 percent losses were experi- 
enced year after year on the other. Lamb crops were 8 to 12 percent 
higher. Financial returns were $1 to $1.50 more per ewe annually. 
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Deferred grazing and other similar systems of grazing have ma- 
terially accelerated the rate of range recovery.—With most ranges in 
a deteriorated condition and producing much less than their potential, 
there is an urgent need to improve the range resource. Investigations 
revealed the harmful effect to the valuable for age plants that resulted 
from overgrazing or even the same pattern of grazing use repeated 
year after year. By deferring grazing on a part of the range until 
the forage jtante have matured a v igorous growth and dropped s seed, or 
otherwise reproduced, the valuable forage plants have regained vigor 
and facilitated range recovery. In its practic: al form this system | of 
natural revegetation consists of deferring grazing on different parts 
of a range unit through a series of years so that the entire 1 range is im- 
proved without loss of forage in any year. Alternate grazing and 

rest of different parts has also frequently proved successful. Through 

such management, individual range areas have improved in a per iod 
of 10 to 15 years from poor to ood condition, with grazing capacity 
doubled. Some areas have recovered more rapidly. 

Moderately grazed cattle ranges produce more beef from fewer 
animals and increase profits —On pine bunchgrass range in Colorado 
grazed for a 5-month summer season, average net annual returns per 
section (640 acres) were $735 under moderate and $484 under heavy 
grazing. The difference was due to 40 pounds greater gains per ani- 

mal and a $1 premium per hundredweight for higher quality from the 
properly grazed range. In the Central Plains, on higher capacity 
range, grazed 6 months from May to November, weight gains were 252 
and 174 pounds and net returns $1,807 and $1,345 per section, a year, 
on ranges stocked at 40 and 60 head per section, respectively. On 
desert year-long ranges in southern New Mexico, by conservative stock- 
ing and other correlated improved management, almost twice as much 
beef is now being produced per animal as 30 years ago. More and 
more stockmen are now recognizing the value in profitable sustained 
livestock production from moderate, or conservative grazing and are 
benefiting by its application to their ranges. 

Beef-cattle production can be highly profitable on good switeh-cane 
or reed ranges in the Southeast.—Studies in North Carolina show that 
only mineral supplements are needed to maintain breeding cows in 
thrifty condition from May through January and for them to produce 

calves weighing 300 to 400 pounds at weaning time in Nove mber. The 
grazing season can be extended from January through May by using 
an area ungrazed during the previous summer and f: uli, and by feeding 
protein supplements. Such wintering on the range is far more eco- 
nomical than wintering in the feed lot. [by supplying the essential 
roughage in the fattening ration, good switch-cane range also can be 
used for fattening steers. 


F. SOME ADDITIONAL WORK NEEDED 


Knowledge of the ecology of che atgrass and the development of suit- 
able grazing practices must be de veloped if the millions of acres of 
cheatgrass range are to be used effectively —tThis introduced annual 
grass has invaded many deteriorated ranges in the Northwest, Inter- 
mountain, and Rocky Mountain States. So ri upidly has it spread that 
it now often occurs as pure stands and, becs ause of its abundance, offers 
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serious competition to the reestablishment of desirable perennial 
species. The early spring growth of cheatgrass furnishes forage in 
some years; but, being an annual and dependent upon current precipi- 
tation, its growth is sporadic and in drought years the yield is negli- 
gible. It aids at least temporarily in furnishing spring forage and re- 
ducing soil erosion, but its flammability after maturing early makes 
it a serious fire hazard, and it has been the source of many destruc- 
tive range fires. Studies are needed to determine the grazing capacity 
of cheater ass ranges for different kinds of livestock, the grazing man- 
agement, practices that will yield maximum benefits and reduce fire 
hazard, and whether it can be replaced through management with more 
desirable perennial forage plants. 

Information on the re lation of livestock grazing to the improvement 
and maintenance of important watersheds is urgent.—These water- 
producing ranges must be rehabilitated to a satisfactory condition with 
respect to vegetation and soil, if their maximum usefulness is to be 
realized. Intimate know ledge of soil, plant, and animal relationships 
is needed to fully understand the impact of livestock grazing. . 
some instances grazing can be beneficial to improvement of the water- 
shed. Differences in erosiveness of soils, steepness of slope, length of 
growing season, and other factors all have a bearing upon how such 
watersheds should be used. The great variability found in soils, 
topography, and plant cover requires specific practices, if maximum 

value of the range watershed is to be obtained. 

Development of grazing practices to utilize more efficiently the rela- 
tively abundant forage in the piney-woods ranges of the South and 
Southeast should facilitate agricultural diversification and improve 
income for many submarginal farmers.—The present year-long graz- 
ing of such ranges and inadequate management are furnishing very low 
returns. Although many of the n: tive 1 range forage plants are de- 
ficient in protein “and minerals after they mature, better systems of 
grazing will undoubtedly result in greater livestock production. One 
impor tant phase of this is determining ways of best supplementing this 

range forage. Increased produe tion from cattle on these 1 ranges would 
materially i improve the economic structure of many rural communities. 


Rance Reseepine (ArririciaL Revecerarron ) 
(FS—D-4-2—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURREN'T WORK 


To determine (1) what species can be seeded; (2) how this can be 
done successfully; and (3) what management should be applied on 
reseeded lands, in order to establish and maintain a desirable vegeta- 
tive cover on range lands. Current range reseeding studies in the West 
are aimed primarily at finding how 80 million acres of ser iously de- 
teriorated range can be economically sown to provide more forage and 
establish a cover to check excessive surface runoff and soil erosion. 
In the South, the ranges ordinarily have an abundance of forage 
plants which give adequate soil protection. However, this forage is 
of value chiefly in the period of active growth in spring and early 
summer and becomes of low palatibility “and nutritive value during 
falland winter. Accordingly, in this region the emphasis is on finding 





FORESTS AND FOREST PRODUCTS 1573 


under what conditions the native range cover can be replaced with 
plants having a longer growing season, greater palatibility, and higher 
nutritive content. Cooperation is maintained with the Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Soil Conserva- 
tion Service, Bureau of Animal Industry, State stations, and stockmen. 


B. CURRENTLY ACTIVE LINE PROJECTS 


D-4-2-1—Species adaptability. To determine the species and 
strains best suited for planting on range lands. This is judged by 
ability to become established, forage production, and other values. 

D4-2-2—Methods of planting. To determine when and how to 
plant to secure satisfactory stands. This includes determining types 
of equipment to use in reducing competition from undesirable plants, 
for seed-bed preparation and for planting. Also, it includes the 
season to plant, and the most desirable rate, depth, and spacing. 

D-2-3—Site factor. To evaluate the influences which are re- 
sponsible for success or failure of plantings and thereby determine 
those range sites where satisfactory stands can be obtained by re- 
seeding. 

D-4-2-4—-Grazing reseeded areas. ‘To determine the management 
needed on reseeded ranges. Such management should (1) sustain or 
improve forage production; (2) prevent or retard the invasion of 
undesirable plants; (3) round out nutritional requirements of live- 
stock; and (4) otherwise give optimum livestock returns. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research in range reseeding is, for the most part, a — of the 
U 


last 15 years. Although some investigations were conducted as early 
as 1907, with local efforts thereafter, it was not until 1935 that an 
intensive research effort was initiated. At that time funds were made 
available to begin such research in the Intermountain Region, followed 
shortly thereafter in Montana. In 1945, as the result of i impressive 
accomplishment of the 10 years of research, additional funds were 
made available for comparable studies in all of the western regional 
forest and range experiment stations and the South and Southeast. 
In 1949 the work was extended to the Missouri Ozarks. The organi- 
zation and conduct of the research in all regions-has been based upon 
a thorough survey of the problem of eac h- region so that particular 
attention could be given to the most critical areas and most urgent 

phases. The complexity of the range vegetation, soils, and other 


fs uctors, plus the magnitude of the job, presents many as yet untouched 
research problems. 


D. FUNDS—-ANNUAL EXPENDITURES 


Prior to 1935 the funds used for range reseeding research never 
exceeded $10,000 annually. From 1935 to 1945 the appropriated 
funds increased to $57,000. An additional increase of $87,500 was 
made in the fiscal year 1946 for expansion to new regions and intensi- 
fication of the research. For the fiscal year 1950 the funds totaled 
approximately $200,000. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Reseeding on many western ranges has increased the forage supply 
from 5 to as much as 20 times.—The ability of reseeded adapted species 
to produce an abundance of forage has materially increased the graz- 
ing capacity of low value range. In many instances the resulting 
gains in livestock production during the first grazing season have more 
than paid for the reseeding costs. Such weight gains have been 
maintained year after year on areas seeded 10 to 15 years ago. The 
immediate and wideseale recognition of the value of this research 
by many stockmen is apparent. Over 8 million acres of private and 
public range lands have now been successfully reseeded, and the range 
veseeding guides have also been used for economical conversion of 
several million acres more of western cropland to grass. 

Effective méthods for reducing sagebrush stands have lowered the 
reseeding costs per acre.—Karlier studies soon showed that reducing 
the stand of competing plants, such as sagebrush, was essential if satis: 
factory stands of reseeded species were to be obtained. Because of the 
relatively low value of many range lands, the amount spent on their 
improvement has had to be viewed realistically and in the light of 
expected returns. On lands supporting sagebrush, increased forage 
production from reseeding usually justifies a total cost of $5 to 38 
per acre. Early methods often required $10 to $12 an acre, and in 
some instances $20, which could not always be liquidated through 
increased grazing values. Therefore, research has tested methods and 
equipment for reducing competition, ordinarily the most expensive 
operation in reseeding. More efficient ways of using equipment have 


resulted, and new rs arte has been devised. These have reduced 


total costs to justifiable figures. Recommendations for controlled 
burning of sagebrush have been made as a result of research which 
make possible reseeding at a cost of from $3 to $5 an acre. Such 
reductions in cost make reseeding more attractive to the private land: 
owner and make appropriated funds go farther in reseeding publicly 
owned lands. 

Broadcast planting of adapted grasses on timber burns has provided 
watershed protection as well as forage—Timber burns are often so 
damaging that little vegetative cover may appear for several years 
after the fire. In such a condition the soil will erode rapidly, and 
flood damage from these burns may be severe. When species well 
suited to the conditions are seeded in the fall following the fire, the 
ashes will cover the seed sufficiently to insure a good vegetative cover. 
Broadcast sowing of the seed by airplane and by ground crews on 
such burns has worked satisfactorily, with airplane seeding usually 
being less expensive and costing only $1.50 to $3 an acre. The result 
ing stand of grass holds the soil against erosion, permits the water to 
soak into the soil instead of rushing off, and provides an abundance 
ef nutritious forage for livestock and game. 

Preliminary results of reseeding the piney woods forest ranges in the 
Coastal Plain of the South and Southeast show the possibility of estab- 
lishing anumber of valuable introduced forage species.—These species 
are palatable and nutritious for a longer period than the native range 
forage which can best be used for a few months in the spring and early 
summer. Reseeding adapted species by proved practices also has been 
useful in establishing firebreaks. These fire lines provide nutritious 
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range forage for cattle which in turn keep the vegetation uniformly 
closely grazed. This intensive use prevents the accumulation of dry 
herbage and thus makes an excellent firebreak. Such firebreaks have 
resulted in greater timber production, as well as meat production, by 
reducing fuel and increasing the ability to control or isolate fire. 


F. SOME ADDITIONAL WORK NEEDED 


Extension of studies to sites and vegetative types for which satisfac- 
tory reseeding specifications cannot now be given—There are approxi- 
mately 67 million acres of western range lands for which little if any 
reseeding studies have been conducted and where a more satisfactory 
herbaceous cover is needed for soil protection and efficient livestock 
production. For example, the pinon-juniper and salt desert shrub 
types cover millions of acres in the Intermountain and Southwestern 
Regions, the vegetative cover has been greatly reduced from past abuse, 
and the soil erodes during torrential rainstorms. Not only does this 
hamper livestock production, but also the resulting erosion debris 
intensifies flood damage and silting of irrigation and other reservoirs 
and facilities. Also, only limited studies have been made of reseeding 
deteriorated ranges in the higher mountain areas which can be of 
great value as summer range, but which now erode seriously and per- 
mit excessive runoff that increases flood losses. Rainfall is more 
favorable in the mountains, but the establishment of cover on slopes 
is very difficult. Research of the past 15 years has shown that range 
in the sagebrush zone and several other types, slightly more favorable 
than the drier and more eroded sites and not so steep as mountain 
slopes, can be successfully reseeded. It is believed that, through inten- 
sive study in these other types, successful methods can be evolved. 

Proper management of the reseeded stand is necessary in order to 
realize maximum sustained returns.—A reseeded range represents an 
investment in the future, for, if wisely used, the productive period, as 
shown by preliminary tests, may be of long duration. Consequently, 
a knowledge of intensity, season, and system of grazing best suited to 
the stand is important. Soil, climate, and species vary greatly where 
reseeding is being done on the range and thereby create many individ- 
ual problems. Most of the 8 million acres reseeded have become 
established within the last 10 or 12 years and some with highly produc- 
tive species only in the last 3 or 4 years. Practices suitable for man- 
agement of irrigated or humid improved pastures or unseeded range 
lands seldom apply. Stockmen, through trial and error, are proceed- 
ing to graze their reseeded areas as they think best. The limited 
studies now under way are wholly inadequate to cover the many differ- 
ent situations of species, soils, climate, ete. 

Higher cost for seed, labor, and equipment must be met with greater 
efficiency to lower range reseeding costs —In the West research has 
already shown how costs can be reduced in reseeding operations. 
Marked increase in price for many range grasses and much higher 
labor costs emphasize the necessity of further research of this charac- 
ter. For example, if the number of pounds of seed per acre can be 
reduced and yet produce a satisfactory stand, costs can be lowered and 
seed in short supply and costly because of demand can be used for 
greater acreage. Preliminary work in the South has shown that total 
costs are high, one reason being the necessity of using fertilizers to 
obtain establishment of the more desirable species. To maintain a 
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desirable stand, continued fertilization is required. More intensive 
investigations are needed to determine whether there are spec ies suit- 
able for southern range conditions which do not require such high 
levels of soil fertility and yet are capable of producing an abundance 
of high quality forage during a relatively long growing season. 


Rance Forage INVESTIGATIONS 
(FS—D-4-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Nearly every phase of range management is intimately associated 
with a knowledge of the range plants, their values for different classes 
of livestock, and their requirements. The range forage investigations 
project relates not only to the 90,000,000 acres of range lands on the 
national forests with their native flora of about 10,000 species, but 
also to some 860,000,000 acres of other range lands, both public and 
private, forest and nonfor est, with about 40, 000 additional species of 

range plants. There is direct cooperation with the Bureau of Plant 
Industry, Soils, and Agricultural Engineering of this Department 
and also with outside specialists in the identification and nomencla- 
ture of range plants. However, the bulk of the identification and full 
responsibility for research on the growth requirements and history, 
phenology, distribution, and related grazing and other economic 
values fall within this activity. 


B. CURRENTLY ACTIVE LINE PROJECT 


D-4-3-1—Identification, distribution, and economic values of range 
forage plants. There is one currently active line project which in- 
cludes: (1) Identification and report to the field on collections sub- 
mitted by research and administrative officers of the Forest Service; 
and (2) extensive contact, both personal and by correspondence, with 
other research and administrative organizations and individuals both 
within and without the Department of Agriculture, including Govern- 
ment and private, both in this country and abroad, involving the 
identity, nomenclature, values, requirements, etc., of the range plants 
mentioned (during World War II the services of personnel in the 
project were in extensive demand for specialized plant knowledge by 
the Army, Navy, and other war agencies) ; (3) preparation of a co- 
operative bulletin (with the Southern Station and the Louisiana 
Agricultural Experiment Station) on the range plants of central 
Louisiana; (4) preparation of a cooperative bulletin with the Pacific 
Northwest station on the browse plants and their wildlife values of 
that area ; ) development of a general bulletin on range forbs (range 
weeds) ; (6) maintenance and ‘Improvement of the Forest Service 
Herbarium in the Washington office, of over 100,000 specimens, which 
is admittedly the outstanding collection of annotated western range 
plants, and which is gradually including range plants from other 
areas. 

C. HISTORY AND EVOLUTION OF THIS WORK 


The work was started in 1907 when range research on national 
forests was initiated, involving studies of the habitat requirements, 
life histories, times of flowering : rand fr uiting, roles in plant succession, 
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indicator values, palatabilities, distribution, and grazing or other 
uses of the more important plants, accompanied by collections of 
annotated plant specimens. Since then such studies and collections 
have been conducted on most of the national forests, including those 
in Alaska, all experimental stations and ranges, and many experi- 
mental forests, and many outside ranges. 


D. FUNDS--ANNUAL EXPENDITURES 


This activity is conducted in cooperation with related range and 
forest research. From a modest beginning the increasing value of the 
work has been recognized. Funds allotted to the project total about 
$28,000 in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Continuing ecological and taxonomic service to research and admin- 
istrative branches of the Forest Service, other Government and State 
agencies, and other institutions, public and private. Numerous pub- 
lications, including Notes on National Forest Range Plants, Part I— 
Grasses; Important Western Browse Plants; the Range Plant Hand- 
book; important phases of the Department of Agriculture Year- 
books—Grass, and Trees; representation of the Department on the 
editorial committee of Standardized Plant Names (1942), a widely 
used authority in that field. 


F. SOME ADDITIONAL RESEARCH NEEDED 


Detailed notes have been published on about 1,800 species of range 
plants, and unpublished notes on about 5,000 species have been com- 
piled. There are, however, still important gaps in our information 
on many of these plants as well as the meager or wholly lacking infor- 
mation on many thousands of other species. In particular, grazing 
values of most sedges, rushes, and many other grasslike plants are 
still largely unknown; distinctions between poisonous and nonpoison- 
ous species of lupine and astragali are known for only a relatively 
small percent of the membership of those genera; the knowledge of 
the native range plants of the Southeast is a largely unexplored field. 
The nomenclature of the great majority of range plants, both scien- 
tific and common, needs standardization. 


ResEArRCH ON Contrro. or UNpDESTRABLE Woopy PLAnts on RANGE 
LANDS 


(FS—RM: b-4—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To develop efficient and economical procedures for (1) greatly re- 
ducing or eliminating undesirable woody plants on southwestern range 
lands, and (2) for converting low value brushlands of California to 
productive range. In the southwestern studies, emphasis is placed on 
determining the fundamental aspects of growth, development, and re- 
production of mesquite and other undersirable shrubs in order to 
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obtain kills of mature plants, seedlings, and sprouts through applica- 
tion of poison sprays, pastes, oils and other herbicides ‘under arid 
and semiarid conditions. The California studies are particularly con- 
cerned with determining: (1) what conditions of site and vegetative 
cover will permit brush removal and establishment of satisfactory 
range forage cover and what conditions will not, (2) runoff and erosion 
relationships and water yields concerned in such conversion, and (3) 
reseeding and management procedures for protection of soil and water 
and improvement of forage cover. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM : b-4-SW—Basic ecology and physiology of mesquite and other 
noxious woody plants on southwestern ranges. To (1) discover those 
growth processes and growing conditions of noxious range shrubs 
which make the plants susceptible to killing when treated with her- 
bicides and with controlled burning; (2) determine (a) how and why 
such shrubs spread so easily; and (b) what practices or procedures 
can be used in order to prevent or hinder further invasion and estab- 
lishment and thus permit palatable grasses, without shrub competi- 
tion, to produce as much forage as possible for livestock production. 

RM: b-4-Cal.—Conversion of low value brushland to productive 
— To determine (1) whether or to what extent brush stands 

‘an be removed by fire, bulldozing, or other means; (2) the oe 
dean erosion or other watershed damage from such removal ; 

(3) how satisfactory range cover can be quickly established on iad 
lands once the brush is removed. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The need for fundamental studies of mesquite control grew out of 
the high cost and danger to livestock and man of reducing dense stands 
of mesquite with arsenic. Empirical studies had shown that mes- 
quite, which has spread rapidly on southwestern ranges, has an ex- 
tensive root system which drains the soil of moisture, prevents re- 
establishment of thinned grass stands, and makes handling of live- 
stock difficult. ‘These studies also showed that under dry range condi- 
tions of Arizona thin stands of mesquite could be killed with sodium 
arsenite at a oon of from $3.50 to $5 per acre. However, costs rise 
rapidly and become prohibitive with thicker stands. Accordingly, 
in 1947, the fundamental studies were undertaken on mesquite and 
other undesirable shrubs with Research and Marketing Act funds 
in cooperation with the University of Arizona in an effort to discover 
cheaper but equally effective methods. In 1949 the brush conversion 
phase in California was initiated in cooperation with the University 
of California in order to encourage such conversion to productive 
range where it could be accomplished and help overcome the wide- 
spread promiscuous burning of brushlands which has done millions of 
dollars of damage and necessitated expenditures of additional millions 
in controlling such fires. Cooperation is also maintained with the 
Bureau of Plant Industry, Soils, and Agricultural Engineering, the 
Institute of Nuclear Studies of the Atomic Energy Commission, and 
stockmen. 
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The southwestern brush control phase has had $25,000 a year since 
July 1947. The work on the California brush conversion problem was 
undertaken July 1, 1949, with an additional $25,000 annually. The 
University of Arizona spends several thousand dollars annually on 
its part of the cooperation. The U niversity of California and the 
State Forestry Department are spending several times as much as the 
Federal Government, particularly in studies to refine procedures on 
those areas where brush conversion has already proved suce essful and 
in assisting landowners in applying the results. This RMA project 
has extended the studies into some types and situations not previously 
investigated. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Control of mesquite to be successful must prevent reinvasion.— 
Cattle and rodents are both important agents in its spread. Large 
numbers of mesquite beans are eaten by cattle even where sufficient 
grass forage is present. Passage of the mesquite seeds through the 
digestive tract of cattle doubles the immediate viability of the seed 
which at pod-casting time is 6 percent. Such increased viability en- 
courages seedling establishment, especially in manure. Rodents, par- 
ticularly the Merriam kangaroo rat, harvest and bury significant 
quantities of mesquite seed. These widespread seed caches produce 
seedlings for several years. These findings clearly show the necessity 
of eliminating or greatly reducing both the seed-bearing trees and 
the rodents. 

Diesel oil, as well as sodium arsenite, kills mesquite-—Consistent 
kills of the tree form of mesquite are obtained by application of Diesel 
oil, as well as sodium arsenite, to the base of individual trees. These 
methods, which cost about 414 cents per tree, are economically justified 
and are in practical use by ranchers where the stand is not too dense. 
In dense stands they are too costly; the shrub form of mesquite con- 
tains too many stems that require individual treatment for these 
methods to be economically feasible. 

Herbicidal spray not effective on arid ranges on mature mesquite 
trees or shrubs but suppresses sprouts—Under an average rainfall of 
12 to 16 inches in Arizona repeated tests with foliage sprays of many 
formulations of 2, 4-D and 2, 4, 5~T have failed to result in satis- 
factory kill of mesquite regardless of concentrations, although defolia- 
tion and some kill of parts of trees have been obtained. Generally 
there is very little downward translocation of these herbicides below 
the point of treatment. There must be this downward movement, 
however, to have the poisons reach the buds, which lie 6 to 8 inches 
below the surface of the soil. Greatest effect occurred during the early 
spring while the plants were growing actively. 2, 4, 5-T has been 

found to be more toxic, especially to young seedlings, and will com- 
pletely suppress sprouts when applied as a paste or slurry to stumps. 

Successful reseeding is necessary in order to convert dense brush 
areas to productive ranges in the foothills of California.—Where dense 
brush was burned and not rese oie the soil was practically bare a 
year after the burn and had seriously eroded from winter and spring 
storms. Good stands of both perennial and annual grasses and some 
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legumes were obtained on areas where dense brush previously pre- 

yailed in the woodland-chaparral type by broadcast seeding or drill- 
ing in the fall following burning. Where a thin brush cover pre- 
vailed, broadcast seeding was not effective, although resident annual 
plants often developed a suitable protective forage stand. Most of 
the brush types in California are on less fertile soils and have less 
favorable growing conditions than the woodland-chaparral type. 
Such types have proved more difficult to reseed and accordingly 
are damaged by brush removal. Suitable stands, however, have been 
obtained on some dense brush types that have been burned and then 
seeded by drilling or by broadcasting and disking to cover the seed. 


Such palatable for age obtained through reseeding” furnishes valuable 
grazing. 


F. SOME ADDITIONAL WORK NEEDED 


Extension of mesquite studies—Mesquite constitutes a serious prob- 
lem on more than 60,000,000 acres of range lands in the Southwest, 
from the Gulf coast of south Texas to Arizona. It occurs as three 
separate species or varieties and three growth forms—tree, shrub, 
and a spreading type found in sand hills. Growth requirements of 

sach of these are somewhat distinct, and even the tree and shrub 
forms vary in their growth requirements between the moister con- 
ditions of southeastern Texas and the semiarid conditions in southern 
Arizona. Ranchers and the Government have spent many millions 
of dollars in bulldozing, cutting, cabling, poisoning, and other means 
in an effort to control mesquite, with little permanent success. 
Greater understanding of the possibilities of sprays and other poisons 
under varying conditions is accordingly urgent. 

Brush conversion on steep slopes and poor soils —Most of the brush 
conversion research to date has been on the more favorable sites with 
moderate slopes. However, in the 15,000,000 acres of brushlands in 
California, there are extensive areas of steep slopes and poor soils, 
such as those derived from serpentine rocks. Each year burns occur 
on such slopes and soils, do great damage, and cost several million 
dollars for fire control. For satisfactory watershed protection, it 
is vital that a vegetative cover be promptly establish to prevent 
damaging floods and excessive silting of irrigation works and power 
reservoirs. 

An accelerated program ts needed for the control of brush on many 
other ranges.—A great increase and invasion of other brushy species, 
largely of low value as forage, have occurred within the past 50 years. 
As a consequence the grazing value of infested ranges has been seri- 
ously reduced. The unrealized income from these ranges and control 
efforts runs into millions of dollars. Furthermore, the brush is 
usually an inferior vegetative cover from the soil protection stand- 
point, and excessive runoff causes abnormal soil and flood losses. 
Economical methods are needed to remove or greatly reduce the brush 
cover and permit establishment of desirable for age plants, either 
naturally or by reseeding, and finally to develop practices or treat- 
ments that will retard or prevent the reinvasion of the brush. Pre- 
liminary results of studies with chemicals show promise for control 
of some shrubs. Various concentrations of 2,4-D and 2,4,5-T gave 
kills of 50 percent or more on cholla cactus, a very undesirable shrub, 
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the poisonous burroweed, pricklypear cactus, and snakeweed. Ways 
of obtaining kills approaching 100 percent must be determined before 
procedures “for economical comkeal of these shrubs can be recom- 
mended. Mechanical methods of removal often used for control of 
juniper and other shrubs are too costly for widespread application 
and sometimes encourage soil erosion. Periods in the life cycles of 
these shrubs, when they are most susceptible to control treatments, 
need to be determined as guides to development of economical control 
procedures. 


Forest Survey—InNIrTiau 
(FS—F-—1-1—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain by field and office studies data on (1) the extent, condition, 
productivity, and ownership of all forest land; (2) the kind, volume, 
quality, and location of all timber; (3) the rates of timber growth and 
depletion; (4) the present and prospective requirements for forest 
products; (5) other information essential to an adequate appraisal of 
the timber supply, and to analyze and interpret the data obtained so 
that it will be possible to plan for a permanent and adequate supply 
of forest products for domestic use and export. 


B. CURRENTLY ACTIVE LINE PROJECTS 


F-—1-1-1—-Inventory of forest resources. ‘To determine the area, 
location, kind, and ownership of all forest land and the quality and 
quantity of timber on forest land. 

F-1—1-2—Timber growth and mortality. To estimate the current 
and potential growth and accompanying mortality for all timber 
stands. 

F-1-1-3—Timber drain. To estimate the current depletion of 
timber by all causes. A comparison of drain and growth indicates 
the direction of change in the timber volume. 

F-1-14—Timber requirements. To estimate the present and prob- 
able future requirements for forest products. The objective is to 
measure the volume of timber that needs to be grown to meet domestic 
timber requirements and to provide the necessary margin for exports. 

F-1-1-5—Publication of findings. To make the forest survey re- 
sults available for private and public use, statistical and analytical 
reports are prepared. Such reports include detailed analyses of the 
timber volume, condition of forest land, the growth-drain trend, and 
the relation of potential productivity of forest lands to National, 
State, and local requirements for forest products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1928 Congress passed the McSweeney-McNary Act authorizing 
a national survey of forest resources. The need for such a survey 
had been obvious for many years. Numerous efforts had been made 
to appraise the forest situation nationally, but the lack of comprehen- 
sive accurate statistical data on timber volume and forest area made 
it difficult to present a convincing picture of the forest situation. The 
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survey has been in progress for two decades and as of 1950 had covered 
about two-thirds of the country. Findings of the survey have been 
published in numerous governmental publications. The reappraisal 
of the forest situation in 1945 by the Forest Service was based largely 
on the findings of the forest survey. In addition a number of States 
and counties regularly use the factual information obtained in the 
forest survey to guide their forest policies and programs. Each year 
a large sti iver of companies owning forest land or interested in estab- 
lishing new industrial plants make use of the survey data. 


D. FUNDS-—AN NUAL EXPENDITURES 


In fiseal year 1950, $550,354 was allotted for the initial survey. 
Allotments fluctuated widely in previous years. In fiscal years 1945 
and 1946, $30,000 was allotted, in 1947, $750 000, and in 1948, $ $500,000. 
From 1945 through 1950 States, counties, conservation organizations, 
and private industries supplemented Federal appropriations to the 
extent of $520,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The initial survey has been completed for 419,000,000 acres of 
forest land or for approwimately two-thirds of tne total forest area 
in the United States—For this area there is now available detailed 
resource data on forest land areas and condition Pte the volume, 
quality, and location of standing timber, current rates of annual 
growth and timber drain for forest products, and losses to destructive 
agents. This information has been widely used, for example, by 


wood- using industries in planning for wood procurement, land acquisi- 
tion and forestr y programs. Survey data on forest resources are also 
basic to the land m: inagement programs of Federal, State, and local 
forestry agencies in indic: iting the character of forest problems and 
the potential effect of various measures that might be taken to make 
the Nation’s timber resources more productive. The survey provides 
the only comprehensive information on the location, supply, and avail- 
ability of critical timber items needed in time of war. 

More than 250 statistical and analytical reports have been published 
to make available the resource facts for surveyed States, counties, or 
county groups and regions. A number of local type maps have also 
been widely used by local wood-usit ig industries, timber owners, and 
forestry agencies. A Nation-wide type map, published in 1949, has 
been of wide general interest. 


F, ADDITIONAL RESEARCH NEEDED 


r. r here re MANS about 200, 000. 000 acres of forest land to cover to 
complete this project—Most of the remaining area is in the Northeast 
and in the Rocky Mountain States where there are extensive stands 
of timber of commercial value. 

2. Studies are needed to improve present methods for determining 
Oa and mortality. 

More research needs to be done on the use of aerial photography 
a" minimize the amount of field work needed for obtaining forest 
resource data.—Tests are needed to determine the best kind of film 
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and filter, the most effective scale of photographs for various forest 
types and topography, and the preferred season for exposing films 
to obtain the maximum detail of the forest resource. 

4. Studies to determine national requirements for forest products 
need to be completed—Some products, such as mine timbers and 
lumber for nonfarm residential construction and for use in manu- 
facture, shipping, railroad cars, veneer and plywood, naval stores, 
cooperage, and excelsior have been covered in studies previously. 
What is needed now is a continuation of such work to include such 
items as construction lumber, poles, posts, piling, fuel, shingles, tan- 
nin, and numerous other products. 


Forest Survey—Mainrenance 
(FS—F-1—-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To keep the initial survey of forest resources up to date by making 
periodic resurveys. This involves collecting new data about every 10 
years on (1) the extent, condition, productivity, and ownership of 
all forest land; (2) the kind, volume, quality, and location of all 
timber; (3) the 2 ‘ates of timber growth and depletion; (4) the present 
and prospective requirements for forest products; (5) other items 
essential to making an adequate appraisal of the timber supply and 
changes in the supply from the previous survey. 


B. CURRENTLY ACTIVE LINE PROJECTS 


F—1-2-1—Reinventory of forest resources. To make a resurvey 
to bring the results of the initial inventory up to date, including 
forest area, kind and volume of timber, and ownership. 

F—1-2-2—Timber growth and mortality. To reestimate the cur- 
rent growth and mortality of all timber stands as a factor in deter- 
mining the trend of total wood volume. 

F-1-2-3—Timber drain. To reestimate the current depletion. of 
timber stands as a factor in calculating the trend of total wood volume 
in the forest. A comparison of this factor with that for growth 
meee 8 rate and magnitude of change between surveys. 

F—1-24—Timber requirements. ‘To reestimate the current and 
probable Sitare requirements for specified commodities, the need 
for which may have changed since the previous study. 

F-1-2-5—Publication of findings. To make resurvey results avail- 
able promptly in statistical and analytical reports, and to point out 
the changes in our forest resources which are significant to both na- 
tional and local economies. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1944 Congress amended the McSweeney-MeNary law of 1928 
by adding the provision that the initial forest survey was to be 
kept up to date. Resurveys were initiated in States where the initial 
survey was completed 10 to 18 years ago, using new techniques such as 
aerial photo interpretation and modern statistical s: ampling methods. 
Emphasis in the resurveys was placed on measuring changes in forest 
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areas, timber volumes, growth, drain, etc., since the initial survey, 
and determining the effect of these changes on the future supply of 
timber, the pr oductivity of forest land, and the specific needs for for- 
estry programs. 


D. FUNDS—-ANNUAL EXPENDITURES 


The first appropriation for this Big was in fiscal year 1945 and 
amounted to $126,000. In fiscal year 1946, $127,000 was made avail- 
able. In 1947, 1948, 1949, and 1950 the appropriation was approxi- 
mately $250,000. During 1945-50 States, counties, schools, private 
industry, and other cooperators contributed a total of $450,000 for 
maintenance surveys. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


1. In the 5-year period some 100,000,000 acres of forest land has 
been reinventoried to provide up-to- date data on the forest situation 
in various sections of the country.—This information is serving as a 
guide to the programs of State, Federal, and private forestry agen- 
cies. It is of direct assistance on the wood procurement and pro- 
duction plans of timber industries. 

2. The trend in the forest situation has been sharply pointed up in 
recent survey reports —In Florida, for example, saw-timber tree vol- 
umes decreased 17 percent in the 10-year period between surveys; the 
total volume of trees 5 inches in diameter and larger decreased 9 ‘per- 
cent. While the total forest area remained the same, the area for- 
merly occupied by pine types decreased 14 percent as a result of being 


taken over by hardwoods. In Mississippi saw-timber tree volumes 
decreased 24 percent in 14 years; the total volume of trees 5 inches 
in diameter and larger decreased 10 percent; and total forest area 
increased 2 percent. Such findings indicate specific local needs for 
adjustments in timber cutting, fire | protection, and other management 
measures. 


F. SOME ADDITIONAL WORK NEEDED 


The rate of progress on the maintenance survey must be more 
than doubled if the 10-year resurvey schedule is to be met.—Lack of 
funds has prevented more rapid progress. The initial survey, because 
of timber cutting, will soon be inadequate for timber industries and 
others interested in locating timber supplies. 

2. Studies are needed to determine the most economical and effec- 
tive way of keeping forest survey data current.—A continuous inven- 
tory method has been suggested, but the techniques of attaining such a 
goal need to be explored if the general accuracy objectives of the main- 
tenance survey are to be obtained. 

3. As in the case of initial surveys, studies are needed to improve 
present methods for determining growth and mortality. In addition, 
more research needs to be done dn the use of aerial photography to 
minimize the amount of field work needed for obtaining forest re- 
ied data. 

4. Studies of requirements of lumber and other forest products 
should be completed and brought up to date-——In the postwar period 
wood consumption and requirements for many moh ew and uses 
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have changed substantially, necessitating an up-to-date reanalysis 
of investigations made during the 1930’s. Studies are needed espe- 
cially for wood used in housing construction, boxes, crating and dun- 
nage, transportation, and military purposes. 


Forrest AND Rance Resource ANALYsIS 
(FS—F-2-1—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To analyze data obtained in the forest survey and in other studies 
to determine ways of increasing the contribution of forest and range 
resources to local, regional, and national economies. Area studies 
aimed at comprehensive analysis of the present and potential contri- 
butions of forest resources to local economies are being made in some 
loe we Another group of studies is analyzing industry 1 resource 
needs; for example, the pulpwood supply problem i in relation to the 
location of existing pulp mills. The possible incomes from and eco- 
nomic importance of range resources are being studied in the West. 
Each of the current prone uses a somewhat different approach in 
establishing the possible importance of forest and range resources as 
an economic basis for industry and communities and means of achiev- 
ing potential development. 


B. CURRENTLY ACTIVE LINE PROJECTS 


F-2-1-1—Area studies. To analyze the economics of forest and 
range resources in relation to the long-time development needs and 
as for given areas. Emphasis is pl: iced on determining desirable 
land use programs and policies. 

F-2-1-2—-Forest industry. To determine the timber resource 
needs and the relation of these needs to the present and potential 
timber supply for the wood pulp industry and to analyze the timber 
resource supply as a basis for recommending the type, size, and 
location of pulp industry that should be encouraged in some areas. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Since the passage of the McSweeney-McNary law in 1928, a small 
appropriation has been made for conducting forest economics research 
work. Early emphasis was on determining measures needed to restore 
the productivity of cut-over lands in the Lake States and the South, 
and the place of farm woodlands in the forest economy of the North- 
east and the Lake States. More recently, with questions coming up of 
alternative uses for timber and of shortages developing in the timber 
supply for certain industries, the forest ‘and range resource analysis 
project has been directed toward an analysis of the resource supply 
and future potential. Emphasis is placed on how the resource yp 
be treated if industry is to continue or to expand. Thus the are 
studies are localized to provide guides for resource development ae 
grams, and industry studies are directed at providing up-to-date 
information about quantity and quality of timber supplies that are 
economically available now or prospectively. 
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D. FUNDS—-ANNUAL EXPENDITURES 


In fiseal year 1950 the allotment for this project was $34,800. Allot- 
ments in previous years have been substantially the same. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


. A study of the Maine forest fire disaster of 1947 pointed up the 
aid to the economy of the State and suggested a forest land rehabilita- 
tion program.—The report showed that about 150,000 acres of forest 
land were burned over in 1947, and that unless the burned-over lands 
are restored to productivity, the State will have a direct monetary 
loss annually of about $450,000. An analysis of owner interest in 
rehabilitating the lands showed that slightly more than one-half of 
the owners had an interest in rehabilitation on the timber resource, 
and that one of the most helpful ways to encourage action on the part 
of private owners would be to make available suitable tree- planting 
stock. 

2. In the Park Falls area of northern Wisconsin a study showed 
that most of the virgin timber has been cut but that the second-growth 
timber under proper management and utilization is capable of sup- 
porting the present industrial output.—Among the measures suggested 
for increasing timber yields and forest community incomes are: Small 
ownerships should be consolidated ; improved cutting practices should 
be encouraged through education, demonstration, and other public 
aids; and better marketing practices by small operators should be 
developed to increase returns to forest owners. 

An analysis of the timber resources of New England and New 
York with reference to the pulpwood supply showed that annual 
timber growth exceeds drain by 4.7 million cords.—The conclusions 
of the analysis were that the use of hardwoods should be speeded up; 
that better cuting practices could increase the yields of spruce and fir, 
the most desirable pulp species; and that more effective fire and disease 
control is essential, 


KF. SOME ADDITIONAL WORK NEEDED 


1. Studies of problem areas are needed in other sections of the 
country.—In the West there still are large undeveloped tracts of timber 
which present special problems of utilization, accessibility, and man- 
agement. Most of these areas have alternative possibilities for future 
development. Analysis of the alternative opportunities in such situa- 
tions would contribute to the orderly utilization and desirable long- 
term development of the timber resources. 

Ownership studies are needed to indicate solutions to land use 
problems.—In some sections of the country forest areas are so cut up 
into small blocks that it is not economically feasible to manage these 
blocks for maximum forest productivity. Problems needing study 
relate to the intent of various classes of forest owners, methods of 
getting various types of owners interested in doing a better forestry 
job, and the nature of legislation and forestry programs called for to 
facilitate consolidation of uneconomic forest units and generally 
improved management. 
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Forest AND RANGE FINANCE 
(FS—F-2-2—-Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the potential returns from management and utili- 
zation of forest resources; (2) analyze the economic requirements and 
incentives of forest landowners and the effects of measures proposed 
{o maintain and build up forest resources; and (3) develop criteria 
for evaluating alternative methods and systems of forest management 
and utilization. Emphasis has been given to developing guides for 
profitable forest management by analyzing the results of 10 years’ 
work in the pine-hardwood forests of Arkansas. Currently the scope 
of the project is being broadened to include other forest types and 
areas. 

B. CURRENTLY ACTIVE LINE PROJECTS 


F-2-2-1—Income and evaluation. Determine and demonstrate on 
farm woodlands the financial possibilities of managing and annually 
harvesting timber and, from a broad regional basis, to determine 
which methods of forest management will yield the greatest financial 
returns, 

C. HISTORY AND EVOLUTION OF THIS WORK 


Private forest owners are continuously asking: Does forestry pay ? 
To answer this question involves two things, derivation of sound finan- 
cial methods for determining what kinds of forestry do or do not pay 


and the collection of data to make such determinations. The Crossett 
Experimental Forest in Arkansas was selected for the initial effort 
because of the detailed timber yield and cost records which had been 
kept for a number of years. As these data were analyzed, the scope 
of the project was broadened to include other experimental forests 
and to include various forestry systems. Likewise, as the project 
evolved, more emphasis was placed on the methods of analysis so as 
to give a private forest owner a method in which he could apply the 
facts of his own particular property to use in determining profit- 
ability. 
D. FUNDS—ANNUAL EXPENDITURES 


The expenditure for this project in fiscal year 1950 was $21,000. 
Allotments have averaged approximately this amount in previous 
years. 

2. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


1. A guide to profitable tree utilization shows how a forest land- 
owner should proceed to determine the most profitable products to 
take from a tree.—A method is presented which can be applied to any 
tree species. Basically, the method shows how an operator can de- 
termine the net value of sawlogs of various sizes and grades as com- 
pared with the net value for pulpwood or other alternate product. 
The break-even point between logs and pulpwood could thus be de- 
termined and used as a guide in selecting timber to cut. 

2. Financial studies of farm forestry in Arkansas have shown that 
timber can and should be as much an annual farm crop as corn or 
cotton.—Timber growing on lands best suited to forests can be closely 
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integrated with other farm operations and made to pay annual returns. 
Timber production requires limited attention and can be harvested 
at the owner’s convenience. Returns per hour for labor expended in 
cutting and delivering the timber are usually high. In Arkansas, 
$1.57 per hour was the gross return when no deduction was made for 
stumpage, and $1.27 per hour was the net return after allowances were 
made for taxes, fire protection, and interest on investments. 


F. SOME ADDITIONAL WORK NEEDED 


1. More work is needed in devolping methods for financial analyses 
of forestry processes.—Evaluation guides would be helpful to forest 
owners in deciding on alternatives for initial investments, in multiple 
use of lands, in forest administration, in forestry systems, and in tim- 
ber utilization. 

2. Economic factors and objectives involved in managing small 
forest holdings should be considered in detail—Such lands have a 
great potential in the future for meeting our timber needs, yet in the 
past they have generally been left in poor condition when cut over. 
Under what conditions forestry on small holdings becomes profitable 
to the landowner is a problem that should be studied. 

3. The risk of loss from fire and the inability to borrow funds at 
rates of interest and under terms of repayment favorable to forestry 
programs are associated obstacles to the increased practice of forestry 
on privately owned lands.—Studies are needed to measure the impor- 
tance of these factors, to determine the needs of forest owners, and to 
dlevise means of supplying the needed insurance and credit services 
through private or public agencies. 


INVESTIGATIONS OF TREE-KiILLInc Bark Beetr.Les AND Tretr Conrro. 
(BEPQ—I-—c—1—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop the most effective and 
economical means of preventing or controlling outbreaks of the vari- 
ous species of bark beetles that infest the forest trees of this country. 
These beetles cause the annual loss of millions of board feet of pine, 
spruce, and fir. One species alone killed nearly 5,000,000,000 board 
feet of valuable Engelmann spruce in Colorado since 1938. Cur- 
rently, the program is designed to study the habits of these species 
in order to develop methods of control, to develop our knowledge 
of tree characteristics that indicate the degree to which the trees may 
be attacked by them so that more effective logging practices may be 
maintained for their control, and investigations to improve chemi- 
cal methods and equipment to exert direct control in an effort to pro- 
long the life of lumber industries in many areas of the country. 


3. CURRENTLY ACTIVE LINE PROJECTS 


I-c-1-1—Trree classification based on susceptibility to pine beetle 
attack. To obtain information on the factors that influence bark 
beetles in selecting which trees to attack, and to make further refine- 
ments in the system now being used for classifying such trees. 
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I-c-1-2—-Development of western pine beetle control through se- 
lective logging in California, Oregon, and Washington. To develop 
an effective method of controlling the western pine beetle by remov ing 
and utilizing trees that are most likely to be attacked by the beetle. 

I-c-1-3—Climatic factors in relation to pine beetle populations. 
To determine the relation of climatic factors to the decadence of 
ponderosa pine stands and their influence on beetle populations. 

I-c—1-4— Interrelations of fire and insects in pondercis pine stands. 
To determine the effect of fire in ponderosa pine stands in relation 
to the development of local outbreaks of the western pine beetle. 

I-c-1-6—/ps outbreaks in regeneration and reserve stands follow- 
ing thinning or logging operations in ponderosa pine. To develop 
methods that may be used to prevent losses from /ps bark beetles in 
reserve stands of ponderosa pine following logging or thinning 
operations. 

I-c-1-7—Development of mountain pine beetle control through 
selective logging of western white pine in the northern Rocky Moun- 
tain region. To reduce losses caused by the mountain pine beetle in 
stands of valuable western white pine in order to prolong the life of 
the white pine lumber industry. 

I-c-1-8—Biology and habits of the Engelmann spruce beetle in 
Colorado. To determine the life history and habits of the E ngel- 
mann spruce bettle and the influence such factors as elevation and 

variations in weather conditions have on its abundance. 

I-c-1-9—Development of methods used for control of the Engel- 
mann spruce beetle in Colorado. To develop cheap and effective 
methods of controlling the Engelmann spruce beetle for the protec- 
tion of the remaining stands of this tree species in Colorado. 

I-c-1-10— Improvement of methods for control of the Black Hills 
beetle. To develop cheap and effective materials and methods that 
may be applied without the use of large amounts of hand labor, for 
controlling infestations of the Black Hills beetle in ponderosa pines. 

I-c-1-11—Relation of the Douglas-fir beetle to the management of 
stands in the Pacific Coast States. To determine the habits of the 
Douglas-fir beetle and the reasons why Douglas-first stands are sub- 
ject to its attack, in order to develop silvicultural and man: iwement 
practices for keeping losses as low as possible. 

I-c-1-12—Studies of the Sitka spruce bettle in Alaska. To obtain 
information on the life history and habits of the Sitka spruce beetle 
in Alaska and on its possible effect on the future supply of Sitka 
spruce. 

I-c-1-13—Ecology and control of the southern pine beetle. To 
develop more effective methods of preventing tremendous losses 
caused by this bark beetle periodically in stands of southern pines. 

I-c-1-14—Determination and charting of areas of ponderosa pine 
in Oregon and Washington that are susceptible to western pine beetle 
attack. ‘To classify and map out areas of ponderosa pine in Oregon 
and Washington where danger of timber loss from western pine 
beetle attack is high, in order that logging operations may be planned 
to remove and salvage trees in imediate ‘danger of attack and death 
before they become w vorthless, 

I-c-1- 15—Development of methods for improving the accuracy 
and general efficiency of bark beetle surveys. ‘To develop cheaper and 
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more accurate methods for estimating the number of bark-beetle- 
infested trees in a forested area. 

[-c-1-16—Technical assistance to Federal and private timber- 
managing agencies conducting sanitation-salvage logging operations 
as a means of preventing destruction of timber resources by bark 
beetles and other insects. To obtain additional information as to the 
value of removing trees from a stand that are highly susceptible to 
bark beetle attack, as a means of reducing losses caused by bark beetles. 

I-c-1-17—-Surveys to determine the necessity for applying artifi- 
cial control on Federal, State, and private lands and to check on 
results of control work performed. 'To keep a current check on the 
abundance of bark beetles and thus permit the application of control 
measures before outbreaks become widespread. 

I-c-1-18—Technical assistance to Federal, State, and private agen- 
cies in directing bark beetle control operations. To bring the results 
of the latest research work on control methods to the attention of 
timber owners and to assist them in applying such measures in the 
most effective manner. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Bark beetle studies began about 1900 and were concerned with the 
recognition and evaluation of these insects as forest pests. Rapid 
increases in timber values and the increasing importance of younger 
stands through the years brought additional bark beetle species into 
prominence with a parallel increase in the need for knowledge of 
their control. Control efforts first involved methods for controlling 
locally destructive outbreaks to prevent their spread. Knowledge 
eventually became available that permitted recommendations for 
treating valuable stands to prevent the development of harmful infes- 
tations of certain species. Methods for controlling broods in infested 
trees at first called for the costly process of felling the trees prior 
to treatment. ‘This method was improved later, and it become possi- 
ble to control certain species by spraying standing trees which could 
be salvaged for lumber and other products afterwards. These 
developments make it possible to treat large stands of valuable timber 
trees to prevent injurious infestations from developing, and for treat- 
ing widespread outbreaks in other stands where preventative con- 
trol measures have not been applied. 


D. FUNDS—-ANNUAL EXPENDITURES 


Funds used in the early years of this work were included in appro- 
priations covering other projects. Beginning with approximately 
$3,000 in 1902, expenditures increased to about $15,000 in 1920, and 
to about $77,000 per year in 1934. Average annual expenditures 
from 1934 to 1950 were approximately $94,000, and in 1950 they were 
$113,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A system for classifying ponderosa pines according to susceptibility 
to pine beetle attack developed.—The earliest studies of bark beetles 
indicated that they favored certain trees in a stand for attack, 
especially when present in low numbers. It became obvious from 
continued studies that it was the presence of these favored trees in 
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a stand that maintained the infestation of these beetles from year 
to year. Evidence mounted to the effect that destructive outbreaks 
could be traced back to the very presence of these trees. The entomol- 
ogists decided it probable if these favored trees could be detected and 
removed from the stand, harmful populations could not develop. 

A program to determine the characteristics of the trees in a stand 
selected by the beetles for attack resulted in the development of a 
system of classification of trees in groups according to favorability 
to the beetles. Detection and removal of these susceptible trees from 
stands now permits the protection of valuable ponderosa pine stands 
in northeastern California and southeastern Oregon at little cost to 
the timberland owner, because the removed trees are converted to 
lumber instead of being worthless because of beetle attack. 

Bark beetle controlled with bark- -penetrating insecticides.—The only 
practicable methods available for bark beetle control once called for 
the felling of infested trees prior to treatment. The standard treat- 
ment for several years after these studies began consisted of peeling 
the logs and burning the bark. This was a slow and expensive process. 
The development of bark- penetrating insecticides in recent years 

makes it possible now to obtain satisfactory control of several import- 
ant species of beetles by spraying the trunks and killing the broods 
beneath the bark or the adults as they emerge through the bark. More- 
over, through the development of spraying devices designed for the 
purpose, it 1s possible now to control certain species to a considerable 
height in standing trees. These improvements in materials and meth- 
ods greatly reduce the cost of control. Large control programs in val- 
uable timber stands are now under way that would not be possible 
otherwise. 

Intensity of Ips beetle attack related to abundance of slash left in 
logging and cutting operations.—Ips bark beetle outbreaks are more 
severe in regeneration and reserve timber following logging and 
cutting operations in second-growth stands than in stands of virgin 
timber. This was realized for many years without knowing why. It 
was found recently that this relationship is a direct result of the 
greater abundance of slash left in the second-growth stands. Virgin 
timber is larger than second-growth timber and for any given quan- 
tity of lumber produced by the larger trees there is less of the un- 
merchantable top left as slash for /ps breeding. Clean-up and treat- 
ment of such slash should reduce the danger of /ps beetle damage to 
surrounding trees. 

Relation of precipitation to injury by Ips bark beetles established.— 
It is a characteristic of 7ps bark beetle infestations to flare up and 
as suddenly to pass away. Many environmental factors have long 
been known to affect their numbers, but it has not been possible to 
forecast impending destructive outbreaks in advance. This has made 
it impossible to determine in advance those stands in which preventa- 
tive control measures should be applied to avoid an outbreak. How- 
ever, there is much less uncertainty connected with the prediction of 
outbreaks at the present time. Recent studies show that the status 
of the population in any area in the fall is closely dependent on the 
amount of precipitation falling in the area from August of the pre- 
ceding year through May of the current year. If the accumulated 
precipitation during this period is below normal, serious damage can 
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be expected; if normal or near normal, damage will be light; and, if 
above normal little or none may be expected. 


F. SOME ADDITIONAL WORK NEEDED 


Need for extension of system of classifying valuable timber trees 
according to susceptibility to bark beetle attack—The constantly in- 
creasing value of our timber reserves makes it more important than 
ever to protect them against abnormal loss from all kinds, including 
bark beetles. The possibilities of greatly cheapened methods of pre- 
venting undue loss from bark beetles through the discovery and adop- 
tion of systems of classifying, and removal by salvage methods, of 
trees favored by them prior to outbreak conditions are so great that 
studies to determine identifying characteristics of susceptible trees 
should be accelerated. 

Development of direct methods of controlling bark beetles needed.— 
(Cheapened methods of controlling certain bark beetles in infested trees 
through the use of bark-penetrating insecticides have been discovered 
and are now being used in widespread control operations. Recent 
work has indicated the possibility of further reducing the cost of these 
methods through the substitution of water emulsions for oil solutions 
of toxic substances. If this substitution can be made it will result 
in a considerable saving in cost. It is now necessary to transport 
oil supplies into the remote forested areas where bark beetles out- 
breaks so often occur. Water supplies usually are available locally. 
Our various species of valuable timber trees differ in many ways and 
so do the species of bark beetles that infest them. One of the tree 
characters that affects the degree of control obtained by bark-pene- 
trating insecticides is bark thickness. Studies to determine the proper 
methods to use on the various tree species infested by various bark 
beetle species should be accelerated. 

Causes underlying development of bark beetle outbreaks needed.— 
Many of the factors that affect bark beetle infestations have been de- 
termined. ‘The economics of the problem in the past, however, have 
limited the majority of observations to heavy populations where out- 
breaks were imminent or already under way. It would be well to 
investigate these phenomena in light infestations, during the intervals 
of low population levels. It is possible that certain events, alone or 
in combination, that affect the latter populations serve as triggers to 
set off chains of events that lead to outbreaks later on. Their detec- 
tion in these periods of seemingly harmless bark beetle activity might 
lead to the application of control measures on a small scale and result 
in saving vast timber stands through the lengthening of periods be- 
tween outbreaks, or their prev ention altogether. 


INVESTIGATIONS OF Forest Dero.taTInG, Bortna, AND Suck1naG Insects 
AND THetr ContTroL 


(BEPQ—I-—c-2—Federal-State—Regular Funds) 

A. PURPOSE AND NATURE OF CURRENT WORK 
The purpose of this work is to develop effective practical methods 
for combeatiians epidemic outbreaks of injurious insect pests of forest 


trees. Native or introduced defoliating, boring, or sucking insects 
destroy millions of board feet of both conifers and hardwoods each 





FORESTS AND FOREST PRODUCTS 1593 


year and some prevent the successful establishment of plantations in 
cut-over areas. Currently, work on this project involves studies on 
the habits and life histories of these pests as a basis for the develop 
ment of forest-management practices to prevent or reduce damage, 
determination of the natural enemies that prey on them and their in- 
fluence in preventing or controlling injurious populations, the develop- 
ment of insecticides and methods and equipment for more effectively 
and economically controlling insect pests of forests either from the 
ground or from the air, and determination of the possibilities of 
rendering the sap or foliage of trees poisonous or unpalatable to these 
insects by introducing toxic substances into the sapstream. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-c-2-3—Improvement of insecticide mixtures for control of the 
gypsy moth and other forest insects. To prepare and test concen- 
trated solutions, emulsions, and suspensions of the newer insecticides, 
such as DDT, benzene hexachloride, and others, which can be satis- 
factorily applied with spraying equipment to effectively comtroi the 
insects without injuring plants. 

I-c-24—Development of mist-blower and other types of spraying 
apparatus, To develop hand, wheelbarrow, and power types of equip- 
ment that may be economically used for applying concentrated insecti- 
cides in liquid or mist form to shade and ornamental trees, forest plan- 
tations, and small woodland areas. 

[-c-2-5—Control of the Saratoga spittlebug. To develop an etfec 
tive and practical method of controlling infestations of the Saratoga 
spittlebug by aerial application of insecticides, and to devise, through 
biological and ecological studies, silvicultural measures that will result 
in conditions unfavorable to the insect. 

I-c-2-6—Control of the white-pine weevil by the aerial applica- 
tion of DDT. To develop insecticidal mixtures and methods for their 
application by aircraft to control the white pine weevil in white-pine 
and jack-pine plantations in New England and the Lake States. 

I-c-2-7—Biological and ecological studies of pine sawflies and their 
control by the aerial application of DDT. To study the biology 
and ecology of pine sawflies as a basis for developing, cooperatively 
with foresters, methods of handling forest plantations in such a way 
as to minimize losses from these sawflies, and to develop methods of 
controlling them in plantations where outbreaks occur. 

I-c-2-8—Control of pine tip moths in forest plantations by aerial 
application of DDT and other new insecticides. To develop an effec 
tive and practical method of protecting pine plantations against dam 
age by pine tip moths by means of insecticides applied with aircraft. 

I-c-2-9—Studies of the resistance of hybrid pines to attack by the 
pine reproduction weevil. In cooperation with foresters, to determine 
the resistance to the pine reproduction weevil of the Jeffrey-Coulter 
pine hybrid. 

I-c-2-13—Studies of biological control factors affecting forest in- 
sect populations. To study the effects of parasites, predators, and 
diseases on populations of forest insects such as gypsy moth, pine 
shoot moths, and pine sawflies and to transfer some of these natural! 
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enemies from one forest region to another in the United States to 
combat insect pests. 

I-c-2-14—Control of miscellaneous forest- and shade-tree insects 
with newer insecticides, such as DDT and benzene hexachloride. ‘To 
conduct studies to determine the relative toxicity of new insecticides 
to forest- and shade-tree insects and to determine the minimum dosage 
for effective control. 

I-c-2-15—T echnical assitsance to Federal, State, and private agen- 
cies in directing forest insect-control projects. To give public and 
private agencies technical assistance which will enable them to conduct 
forest insect-control projects most effectively. 

I-c-2-16—Studies of insects affecting wild black cherry reproduc- 
tion. To study the role of insects, partic ularly the eastern tent cater- 
pillar and the insect causing bud gall, as causes of die-back in affect- 
ing the survival of wild black cherry reproduction. 

[-c-2-17—Studies in tree medication as a means of rendering foliage 
or twigs toxic or unpalatable to insects. To develop an effective and 
economical method of introduci ‘ing poisonous substances into the sap 
stream of living trees to make ‘them resistant to injurious insect 
feeding. 

I-c-2-18—Studies of a sawfly attacking loblolly and shortleaf pine 
in Arkansas. To determine the life history of the insect, the extent 
and intensity of infestation in southern Arkansas, and the amount of 
reduction in tree growth associated with various degrees of defoliation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


As a basis for devising control methods, the life histories and habits 
of some of the defoliating, boring, and sucking insects that attack 
forest trees have been studied since before the turn of the century. 
Results obtained in these studies determined lines along which contro] 
inethods were developed. Early emphasis was laid on the introduction 
and establishment in this country of insect enemies of pests introduced 
from foreign lands. Later, considerable attention was given to pos- 
sibilities of preventing insect damage by introducing toxic substances 
into the sap stream of living trees and by the adoption of certain 
forest-management practices designed to render forest stands safe 
from excessive insect attack. Efforts have been continuously directed 
toward the development and utilization of more effective insecticides, 
and of more effective means of applying them, Recent emphasis has 
been on the adaptation of the airplane, helicopter, and mist blower 
for applying some of the newer and more potent insecticides in rela- 
lively minute dosages to widespread areas more economically and 
effectively than has been possible in the past. 


D. FUNDS—-ANNUAL EXPENDITURES 


With expenditures for this work in the early years made from funds 
covering several lines of work, it is difficult to present reliable figures 
prior to 1929. However, annual expenditures probably never ex- 

ceeded $10,000 and averaged about $5,000. Since 1929, expenditures 
have ranged from a low of $32,000 in 1936 to a high of $65,000 in 1940. 
The 1950 appropriation for this work was $48,000. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Insect enemies of introduced forest insect pests imported from 
abroad.—Successful methods were developed and utilized for the col- 
lection abroad and transportation to and liberation in this country of a 
large series of parasitic and predaceous insect enemies of the destruc- 
tive gypsy, brown-tail, and satin moths. These accomplishments re- 
sulted not only in helping to hold these pests in check, but served as a 
guide to other workers in allied fields in their endeavors to enlist the 
aid of insect enemies from abroad in the control of other destructive 
introduced pests. 

Control of white-pine weevil by forest-management practices demon- 
strated.—It has been shown that a profitable crop of white pine can 
be grown in the Northeast despite the injurious habits of the white- 
pine weevil, if certain planting and reclamation practices are followed. 

Forest insects controlled by the aerial application of insecticides.— 
Since the advent of DDT, rapid progress has been made in the direct 
control of many species of forest insect pests. Dosages required to 
kill and methods and timing of applications have been developed for 
many pests. For example, a program of spraying white-pine planta- 
tions in the Northeast with a helicopter has rec ently been developed 
that drastically reduces the white-pine-weevil population. This de- 
velopment alone may make it possible to grow valuable white-pine 
timber where high percentages of the trees in plantations are now 
ruined by this w eevil. Likewise, the S Saratoga spittlebug which has 

ravaged jack-pine plantations in the Lake States in recent years has 
been ‘controlled for upward of 3 years by a single airplane application 
of DDT spray; and an outbreak of the Douglas fir tussock moth in 
Idaho, that covered over 400,000 acres of rugged forested country, was 
wiped out by an all-out airplane spraying campaign. Almost a mil- 
lion acres of forest were sprayed in 1950 by airplane in Oregon and 
Washington to control a severe epidemic of the spruce budworm. 

Development of hybrid pines that resist weevil attack—Department 
entomologists have stressed the idea wherever possible of rendering 
trees and forested areas immune to insect injury. A phase of this 
program has been an effort to discover or produce trees that resist 
insect attack. A hybrid pine was developed recently in cooperation 
with Department foresters that is largely immune to injury by the 
pine reproduction weevil in brush-field plantings i in California. 

Concentrated sprays advance forest insect control—As a result of 
studies begun about 1928 to improve methods and reduce the cost of 
applying insecticides, a highly concentrated spray mixture was pre- 
pared and applied in atomized form so that a small volume of liquid 
would cover a large area of woodland. Formulations of common insec- 
ticides, such as ¢ arsenicals, cr yolite, pyrethrum, rotenone, and nicotine, 
containing various carriers and wetting, spreading, and adhesive 
agents, were prepared as sprays 100 times more concentrated than 
conventional mixtures. These were applied with hand atomizers, 
knapsack sprayers, paint-sprayer assemblies, and other small im- 
provised equipment. Studies of atomizing principles, particle size, 
amount and percentage deposited, and adherence indicated the need 
tor modifications in around equipment as well as aircraft for apply- 
ing concentrated sprays. More recently, ground-operated power mist 
blowers have been developed by industry in consultation with Depart- 
ment entomologists capable of producing results comparable with 
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those obtained from aircraft. The mist blower can disperse finely 
atomized sprays for 100 feet vertically and several hundred feet hori- 
zoutally, thus revolutionizing present ground methods of application. 


F. SOME ADDITIONAL WORK NEEDED 


Determination of causes underlying outbreaks of defoliating, bor- 
ing, and sucking insects—Under ordinary conditions infestations of 
these insects are spotty and localized in nature and their distribution 
follows no recognizable pattern. Why they persist in certain areas 
and not in others and why for no seeming reason isolated infestations 
over widespread areas sometimes begin to increase and approach epi- 
demic conditions simultaneously is not known. Further studies are 
needed to detect ahead of epidemic conditions those characteristics of 
populations that are indications of impending outbreaks. This funda- 
mental type of information would have an important bearing on 
forest-management practices as a means of control. 

Development of safe and economical insecticidal formulations for 
use in forest insect control.—Serious infestations of certain forest in- 
sect pests sometimes occur over widespread forested areas. The full 
effect on associated forms of life in these areas produced by such potent 
insecticides as DDT, when applied by aircraft, has not been completely 
determined, although the dosages now being used have had no serious 
effects on wildlife. It is paramount, however, that the amount applied 
should not be in excess of the minimum required for the job at hand. 
This is important not only with reference to the safety of other life 
forms, some of which are beneficial and should be preserved, but also 
in view of the need for reducing to a minimum the cost of materials 
required in airplane spraying programs over forested areas of several 
hundred thousand acres. Not only the newer insecticides available to- 
day but others that may be developed in the future should be formu- 
lated and evaluated with the above objectives in view. 

Development of hybrid trees resistant to insect injury.—This coun- 
try is entering the era when second-growth and planted trees must 
meet the Nation’s timber requirements. Because of this, certain ad- 
justments in forest insect control are required. The day is close at 
hand when we can no longer be concerned mainly with the protection 
of mature and over-mature stands. An increasing effort must be di- 
rected toward the protection of young stands. It is of vital con- 
cern that these young stands be comprised of trees as resistant to insect 
attack as it is possible to make them. Research should be conducted 
in an effort to determine the capacity of hybrid trees to resist well- 
know insect enemies, with the objective of using them in future plant- 
ing programs. 


INVESTIGATIONS OF Insecr Vecrors or Forest Tree DIskASES AND 
DeEVELOPMENT OF ContrroL Meruops ror THese Diseases 
(BEPQ—I-c-4—Federal—Regular Funds) 

A. PURPOSE AND NATURE OF CURRENT WORK 


To secure information on the relation of insects to the transmission 
of diseases affecting forest and shade trees and to determine the most 
effective and economical means of controlling those insects incrimi- 
nated as vectors. The virus-causing phloem necrosis of elm has killed 
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80 to 90 percent of valuable shade trees in many towns in the Ohio 
River Valley, and the fungus causing the disease ‘known as Dutch elm 
disease has become epidemic in many areas of valuable elms where 
it kills off large numbers of trees. The current work is concerned pri- 
marily with determining the habits, distribution, and general ef- 

fectiveness of a known insect vector of phloem necrosis in an effort 
to develop methods for its control and to determine the possibility of 
other insect species acting as vectors. In connection with the insects 
responsible for spread of Dutch elm disease, present efforts are being 
directed toward developing economically adequate control measures 
for use by private individuals and town and city authorities. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-c-4-1—Studies of methods for protecting valuable elms in munici- 
palities and parks from Dutch elm disease through control of elm bark 
beetles. To develop means of controlling the Dutch elm dise: ise, by 
controlling its insect vectors, that may be used by communities, park 
authorities, or private property owners. 

I-c-++-2 Im disease and bark-beetle popula- 
tions in areas where no mane measures are applied. To study the 

rate of spread of Dutch elm disease in relation to the abundance of its 
bark-beetle vector in areas where no control measures are applied. 

I-c-4-3—Inventory of insect species, especially sucking insects, that 
may be associated with the phloem necrosis disease of elms. To deter- 
mine the identity and relative abundance of insect species that are com- 
inon to the entire area of disease distribution and that could possibly 
be related to spread of the disease. 

I-c44—Life-history studies of sucking insects affecting elm trees 
in the area where phloem necrosis disease occurs. To determine the 
life histories and habits of insect vectors of phloem necrosis as a basis 
for developing methods for their control. 

I-c-+_5—Transmission studies with insects suspected of being vec- 
tors of the phloem necrosis virus. To determine the identity of the 
insect species capable of transmitting the virus causing phloem 
necrosis from diseased to healthy trees. 

I-c-4-6—Studies of methods of protecting valuable elms in munic- 
ipalities and parks from phloem necrosis disease. To determine if 
DDT sprays will protect elms from insect vectors of this disease, and 
the proper timing and method of applying them. Also, to determine 
if prompt removal of diseased trees in a community will provide some 
control. 

I-c-4-7—Improvement and development of insecticide mixtures and 
tests of new chemicals for the control of vectors of forest-tree diseases. 
To improve, develop, and test various insecticide mixtures and deter- 
mine the best methods of their application for the control of insect 
vectors of tree diseases. 


C, HISTORY AND EVOLUTION OF THIS WORK 


Investigations of insects that transmit disease organisms from dis- 
eased elm trees to healthy ones were initiated in 19: 33, shortly after 
the Dutch elm disease was discovered in Ohio and New Jersey, and 
after observations indicated it was insect-borne. First efforts cen- 





1598 AGRICULTURAL RESEARCH AND RELATED SERVICES 


tered around discovery of the insects responsible for spread and were 
followed by efforts to control them after they were identified. By 
1940, the virus disease known as phloem necrosis had become epidemic 
in the Ohio River Valley, and work was initiated to discover the 
insect responsible for its transmission. Since 1947, when an insect was 
found to effectively transmit the disease, work on this problem has 
centered around learning as much as possible about this insect and 
how to control it. Considerable emphasis is also being placed on 
developing insecticidal formulations, methods for their application, 
and sound methods of general tree care that may be used by private 
individuals, towns, and cities for the protection of their wobble elm 
shade trees from both diseases. 


D. FUNDS-—-ANNUAL EXPENDITURES 


In 1933 and 1934 when the work was started, expenditures were 
approximately $5,000 per year. From 1935 to 1939, when the work 
was confined to Dutch elm disease insect investigations, expenditures 
ranged from about $30,000 to $38,000, with an average of $35,000 
per year. From 1940 through 1948, with phloem necrosis work added, 
the average annual expenditure was about $55,000. In 1949 and 1950 
an additional $51,000 per year was added for experimental control, 
bringing the expenditures to approximately $100,000 per year. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination of the principal insect vector of Dutch elm disease.— 
When this work was initiated in 1933 several insect species were sus- 
pected as being carriers of the fungus responsible for Dutch elm 
disease. It was determined through research that two species of elm 
bark beetles, one a native of this country and the other a native of 
Europe, were responsible for practically the entire amount of spread 
of the disease from tree to tree in this country, and that the introduced 
species is the principal one. 

Development of means of controlling the insect vectors of Dutch 
elm disease.—A study of the habits of the vectors of the Dutch elm dis 
ease resulted in the development of means for reducing the rate of 
spread of the disease by destroying the breeding places of the insects. 
Mixtures of DDT were developed and methods and schedules of their 
application were determined that are effective in preventing vectors 
of the disease from feeding on healthy trees for several months. 
Large-scale control experiments have shown that the effects of the 
clisease can be minimized by cooperative efforts on a community basis. 

Determination that an insect was the vectar of the virus causing 
phloem necrosis.—A native insect, widely distributed in the eastern 
half of this country and belonging in the group known as leaf-hop 
pers, was found to be responsible for transmitting the virus causing 
phloem necrosis of elm. At the time of discovery this represented 
one of the very few insect vectors of virus diseases of trees known 
to science. It was necessary to work with over 100 species of insects 
in the search for a vector of this disease. 

Spread of phloem necrosis retarded by use of DDT sprays —The 
rate of spread and the number of cases of phloem necrosis in an area 
of epidemic outbreak have been drastically reduced by the application 
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of DDT sprays during the months of the year when its insect vector 
was known to be present and feeding on healthy and diseased elms 
in the surrounding area. These preliminary results offer some hope 
that communities and individuals can prevent wholesale losses that 
now are the common occurrence in many disease areas. 


F. SOME ADDITIONAL WORK NEEDED 


Development of cheaper and safer insecticides and the timing and 
methods of their application —To prevent the transmission of diseases 
of trees by insects requires almost complete prevention of insect feed- 
ing. Even with DDT, one of the most potent insecticides known, pres- 
ent-known methods and timing of applications for this purpose re- 
quire comparatively heavy concentrations and, for certain insects, fre- 
quent applications. The use of these heavy concentrations involves 
danger to associated plant life and to animal life such as birds. More- 
over, heavy concentrations plus the need for frequent application 
makes the whole business fairly expensive. Further research is needed 
with DDT mixtures and those of other newer insecticides to determine 
the cheapest and safest ones to use, and when and how to apply them 
most effectively and economically. 

Possibility of other insects serving as vectors of phloem necrosis.— 
Well over 100 species of sucking insects, the group that includes the 
majority of vectors of plant viruses, are known to feed on elm in the 
region where this disease occurs. The possibility cannot be ignored 
that some of these, in addition to the one already discovered, can 
and do transmit phloem necrosis from diseased to healthy trees. Fur- 
ther studies with the most widespread and abundant species should 
be made to determine their status as possible carriers of the disease. 

Use of systemic poisons to control insect feeding—Certain poison- 
ous substances, when present in the sapstream of plants, are known 
to be effective in limiting the amount of feeding that can be done by 
certain insects. Frequently, elm trees attacked by vectors of Dutch 
elm disease or phloem necrosis have high value for esthetic purposes. 
Studies should be conducted to determine the possibility of rendering 
any given tree immune to attack and subsequent death from disease by 
introducing chemicals that are toxic to the insect vectors into the 
sapstream. 


INVESTIGATIONS OF THE Spruce BupworM AND Irs CoN TROL 
(BEPQ-I-c—5—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to find methods that will control the 
spruce budworm, which is the most serious defoliating insect now in 
the Nation’s forests. The program currently includes efforts to deter- 
mine the life history and habits of the spruce budworm with special 
reference to the conditions in the forest that affect the abundance of 
the insect; an attempt to determine the best methods for preventing 
timber losses in the future through silvicultural practices; the study 
of biological control factors including parasites, predators, and dis- 
‘ases ; the practicability of controlling the insect by the application of 
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concentrated DDT sprays from airplanes and from ground equipment ; 
the effect of DDT on the animal life of forests and waters; and annual 
surveys so that information on the budworm abundance will be avail- 

able to all interested agencies. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-c—5-1—Annual surveys to locate and determine the status of bud- 
worm infestations.—To conduct annual surveys in each State or region 
having important spruce-fir forests to obtain information for use in 
locating infestations, the abundance of the insect in each area, and the 
amount of damage caused by defoliation. 

I-c-5-2—- Biology of the spruce budworm and the effects of environ- 
ment on its abundance.—To study the life history and habits of the 
budworm, the insects’ reaction to its environment, how to measure 
populations, and to determine forest practices adequate to increase 
budworm resistance among spruce-fir forests of the Northeast. 

I-c-5-3—Application of biological information to silvicultural 
practices.—To determine the effect of the budworm on the forest. and 
of the forest on the budworm, in an effort to determine the possibility 
of developing resistant spruce-fir stands; and to assist in selecting 
such stands for experimental cutting practices. 

I-c-5-4—Biological control factors affecting the spruce bud- 
worm.—To determine what biological control factors operate against 
the budworm in different parts of the country and to evaluate them. 

I-~c-5-5—Development of spraying equipment for use with aircraft, 
especially for control of the budworm.—To design, construct, and 
test different mechanical devices for mixing and “dispersing sprays 
by aircraft forest-insect control. 

I-c-5-6—Studies in the operation of aircraft for spraying.—To 
develop effective and economical techniques for use in aerial s praying, 
and to evaluate oe types of planes for safety and efficiency 
in applying aerial spray 

I-c-5-7—Various tentie of spray mixtures as affecting the deposit 
and uniformity of coverage of aerial sprays. To determine the most 

satisfactory spray mixture and best means of its aerial application to 
obtain a uniform spray deposit with various types of equipment. 

I-c-5-8—Biological studies on the effectiveness of aerial sprays. 
To determine the most. effective type of aerial spray deposit, for 
instance whether comprised of coarse or fine drops, to control the bud- 
worm and other forest insects. 

I-c-5-9—Effects of widespread applications of DDT in relation to 
populations of beneficial insects, fish, and other wildlife in treated 
areas. ‘To determine the lasting effects of widespread application of 
DDT sprays on populations of insects and other Jorene of animal life, 


and to compare the effects produced by suspensions, emulsions, and 
solutions of DDT. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was initiated in 1945 as a result of a growing concern over 
the probability of severe damage by the spruce budworm to the spruce- 
fir forests of the Northeast and Northwest. Populations of this insect 

Widespread devastation 


had been on the upgrade for several years. 
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in stands of spruce and fir in neighboring sections of Canada had 
already occurred. In fact, in 1944 the infestation in Ontario was esti- 
mated to cover 125,000,000 acres; and in 1945 enough timber was killed 
to supply all Canadian pulp mills for 3 years. Initial studies were 
to determine the distribution and abundance of the budworm, followed 
by studies on its life history and the role of parasites in its control. 
Other investigations concerned possible control of the insect by forest- 
management “practices. Studies of the possibility of controlling it 
with insecticides distributed by aircraft are still under way. 


D. FUNDS—-ANNUAL EXPENDITURES 


From $50,000 in 1945 to $224,000 in 1950. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Spruce budworm infestation controlled by aerial application of 
DDT.—One pound of DDT in a gallon of oil per acre of forest is 
sufficient to control the budworm. ‘Apparatus for use in applying this 
spray from airplanes was developed. Spray schedules for the pur- 
pose were determined. This information was utilized in 1950 when a 
million acres of forest land in Washington and Oregon were sprayed 
by airplanes to save highly valued timber from destruction 5 ‘the 
budworm. 

Airplanes can be used for surveying budworm populations.—Meth- 
ods were developed for using the airplane in surveying extensive for- 
ested areas to determine the presence of budworm “infestation. This 
greatly simplifies the problem of determining quickly the location of 
heavy populations. In 1949 over 5,000,000 acres of forests in Maine 
were surveyed in this manner at a very low cost per acre. 

Natural enemies of budworm established—Evidence has been 
obtained that natural agents of budworm control such as parasites, 
predators, and winter ‘mortality have operated to prevent rapid 
increases in budworm population in the Adirondacks and in Maine. 
Large numbers of two species of parasites native to the Pacific North- 
west but which did not occur in New England were collected and 
liberated in budworm-infested stands in the latter area. 


F. SOME ADDITIONAL WORK NEEDED 


Aircraft application of insecticides needs further study—Addi- 
— studies are necessary to determine the lowest dosages of DDT 
sprays that may be applied to forest trees to control the budworm and 
oiling forest insects; to determine, in cooperation with agricultural 
engineers of the Department, the most satisfactory types of aircraft 
to use in spraying various types of forests and the most satisfactory 
types of distributing apparatus for use on these aircraft ; to determine 
the limits placed on spray distribution by such factors as height of 
spray, dispersal above the tree tops, and varying meteorological condi- 
tions; and to develop methods of guiding aire1 raft so as to cover vast 
forest areas effectively. 

Budworm population in relation to type of stand needs investiga- 
tion.—Further research is needed to determine the relation of bud- 
worm abundance to various types of forest stands; to determine the 
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nature of forest-management control practices that result in a reduc- 
tion of budworm populations; and to determine if practicable con- 
trol of populations can be obtained by adoption of these eee 

Airplane needed in conducting budworm surveys.—The forested 
regions where the budworm abounds are vast and, in many portions, 
remote from roads and trails. The airplane offers promise of opening 
these areas to observation at only a fraction of the cost that would be 
necessary if they were surveyed from the ground. Further research 
is necessary to develop the most satisfactory techniques that may be 
used in surveying for budworms in the many types of forest conditions 
that prevail in the regions where this insect is a menace. Aerial 
photographic methods are a part of this program. 


Forest Insect Survey 
(BEPQ—Federal-State-Private—Control of Forest Pests Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to (1) cooperatively make inspections 
to detect infestations of destructive forest insects and appraise the 
potential significance of outbreaks that may be developing or occur- 
ring, (2) report important infestations to land managing agencies 
and concerns, together with recommendations for control measures 
where these are necessary. There are many kinds of native insects 
which are destructive to forest trees and cause annual losses to forest 
resources greater than the more spectacular damage done by fire. 
Infestations of these pests often can be detected in early stages and 
may be controlled before excessive losses occur. The actual presence 
of the pest does not necessarily mean that significant destruction will 
follow. It is necessary therefore to determine technically the poten- 
tial significance of the presence and to appraise the sractieabtliny of 
application of measures to control infestations that may cause im- 
portant losses. The current work involves (1) periodic and systematic 
surveys to detect insect infestations in forest plantations and in 
stands of second-growth and virgin timber, (2) evaluation of in- 
festations discovered in terms of need for control, and (3) reporting 
of dangerous infestations to interested agencies. An important corol- 
lary ot the detection and appraisal surveys is providing technical 
assistance in the direction of control measures that are applied where 
programs to combat infestations are undertaken, including inspec- 
tions to determine effectiveness as the work progresses and those 
needed to check the results obtained. These activities are essentially 
a part of control but are in many cases operations performed by the 
individuals who participated in the detection and appraisal surveys. 


B. CURRENTLY ACTIVE LINE PROJECTS 
Does not apply. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work to detect destructive infestations of forest insects and to recom- 
mend control measures and provide technical assistance in applying 
them has been carried on to a limited extent for many years. It has 
been a common occurrence for forest insect infestations to develop 


We 
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unobserved in many areas over periods of several years, their presence 
remaining unknown until they had reached outbreak proportions. 
Once they had reached this stage, conditions often were already out 
of hand, and efforts to control them were not only highly expensive 
but frequently unsuccessful. This has resulted in the loss of billions 
of board feet of valuable timber that might have been saved had these 
infestations been detected and combated before attaining outbreak 
form. It was not until 1949 that the work became an independent 
activity of the Department. This was possible when the funds became 
available to carry out the provisions of the Forest Pest Control Act, 

enacted by the Eightieth Congress and approved in the spring of 1947. 


D. FUNDS--ANNUAL EXPENDITURES 


It is difficult to estimate the amount of funds expended specifically 
for this work prior to 1949, as it was carried on under funds that also 
covered other work. The annual expenditure amounted to $10,000 
in fiscal year 1949 and $235,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Spruce budworm control program in Northwest made possible by 
forest insect survey.—The forest insect survey disclosed that the valu- 
able Douglas fir and true fir forests of Oregon and Washington were in 
clanger of destruction by the spruce budworm. F ollowing appraisal, 
a cooperative control program was carried out by the F ederal Gov- 
ernment, the States involved, and private timberland owners to combat 


the infestation. In all areas treated, the infestation was brought 
under control. Surveys showed the insect to be present in destructive 
number over about 2,000,000 acres of forest, and the control and sur- 
vey work is continuing. 


hosenegah om beetle control in lodgepole forests of Idaho and 


Wyoming effectual—The survey detected and defined areas in the 
Targee and Teton National Forests and the Teton National Park, 
where destructive infestation of mountain pine beetle occurred. After 
appraisal, control programs have been carried out, and this outbreak 
is now under control. 

Localized infestations of potentially destructive forest insects de- 
‘ected.—During the year since this work became a full-scale activity, 
a large number of localized areas of potentially destructive forest 
insects have been detected, and icv danger to valuable timber sup- 
plies has been evaluated. In some cases ‘this has resulted in recom- 
mendations for control. The taaiaanten of these sources of potential 
outbreaks in their early stages should result in considerable savings, 
both from the standpoint of control costs and in protection of valu- 
able stands of timber. 


F. SOME ADDITIONAL WORK NEEDED 


Continued surveys needed to detect potentially destructive forest 
insect outbreaks.—There will be a continuing need for this work. As 
the years go by, the Nation’s timber supplies continue to increase in 

value. Forest plantations continue to increase in number. Second- 
growth and mature forests are rapidly being depleted through height- 
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ened demands for wood products of all kinds, thereby enhancing the 

value of the remaining reserves. Concurrent with these changes in 
forest conditions, insects long known to be injurious in mature timber 
are continuing their depredation, and at the same time other insect 
species heretofore rel: atively harmless are becoming economically im- 
portant in second-growth stands and plantation areas. Each suc- 
ceeding year, there fore, it becomes increasingly important that forest 
plantations and our reserves of second-grow th and mature timber be 
kept under observation in order that destructive insect outbreaks in 
them may be prevented. With this objective in view, work will con- 
tinue in an effort to improve survey techniques and appr: aisal proce- 
dures and make it possible to apply the latest results of research on 
control methods to protect forest resources from the various kinds of 
destructive insect pests. 


Diseases Tuatr Arrect Trmper StaNps, Repuce LUMBER Propwcrion, 
AND INFLUENCE LoaGIne OPERATIONS 


(BPISAE—c-—1—1-—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine causes of diseases and decay of forest trees, (2) 
evaluate present and probable damage, and (3) determine how dam- 
age can be avoided or diminished. Specifically, current work applies 
to the study of heart rots, root rots, cankers, mistletoes, needle casts, 
and other infectious diseases, as well as the noninfectious diseases with 
which they are often confused; and the determination of the effect on 
(lisease of fire, pruning wounds, frequency of cutting, method of log- 
ving, stand density, and soil condition that can be influenced by timber 
management practices. 


B. CURRENTLY ACTIVE LINE PROJECTS 

c~1-1-1—Determination of cause of littleleaf disease. To deter- 
mine the cause of the littleleaf disease of shortleaf pine in the South 
as a basis for the development of si tp ‘able control measures. 

c-1-1-2—Distribution of littleleaf, and damage prediction. To 
determine the distribution and apis of spread ‘of littleleaf disease 
of shortleaf pine and, from this information, to predict the extent of 
damage to be expected, devise management and salvage programs for 
minimizing losses in forests, and recommend safe sites for planting 
wan) age pine. 

--1-1-3—Experimental control of littleleaf in Sumter National 

For est. To determine the rate of spread of disease on the forest and 
to test on an experimental basis the effectiveness of cutting and utiliza- 
tion of diseased trees as a control for littleleaf. 

c—1-1-4—Pathological factors influencing production of turpen- 
tine and rosin. To determine the cause of premature cessation of 
gum flow from turpentine pines (called “dry face”) by investigating 
the organisms associated with the condition and the relationship be- 
tween the face-cutt ing methods and the condition ; to devise treatments 
to prevent dry face; to determine the relation between dry face and 
subsequent decay of the tree; and to devise a management program 
to minimize decay losses in worked-out stands. 
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c-1-1-5—Root diseases of forest conifers. To (1) identify the 
fungi causing root rot and subsequent dying of ponderosa, Jeffrey, 
and pinyon pines in an extensive area in the far West and South- 
west; (2) determine the distribution and kinds of forest softwoods 
attacked by these fungi; (3) determine site factors predisposing 
stands to root-rot damage; and (4) evaluate the damage caused by root 
rots and the relation of root rots to decline and breaking up of forest 
stands. 
c~1-1-6— Methods of estimating survival of fire-damaged trees. To 
establish usable criteria for judging the probable surviv ‘al and further 
usefulness of fire-injured trees, especially western softwoods, for use 
in damage appraisal, in planning salvage cuttings, and in predicting 
the need for reforestation of.burned areas or the dev elopment of other 
management programs in national forests and private holdings. 
c-1-1-7—Sapstreak of maple. To investigate the sapstre: sak disease 
of maple in the Pisgah National Forest and its distribution and means 
of spread, evaluate the probable ae and advise as to the safest 
management of maples in that area. Determination will also be made 
as to whether the fungus causing ‘the disease is the same as a similar 
—— and widely “distributed fungus that causes stain of lumber. 
~1-1-8—Canker diseases of forest trees. To determine the organ- 
seit that cause canker diseases; predict probable damage to forest 
hardwood and softwood trees from such diseases; and develop 
methods of controlling canker diseases by selection of planting sites, 
improvements in planting methods, control of species mixtures or stand 
density, selection of disease-resistant strains, or use of replacement 
5 er 
—1—1-9—Needle diseases of firs and spruces. To determine the 
causes of needle diseases of firs and spruces and whether the disease 
fungi are native or introduced, and evaluate the threat of such disease 
to = timber stands for each tree species. 

-1-1-10—Detection, evaluation, or preliminary study of new or 
thr vatening diseases. To (1) detect outbreaks of introduced diseases 
in their early stages and determine if they threaten the existence or the 
usefulness of our forest trees; (2) appraise outbreaks of native dis- 
eases to determine the need for further study or for the application of 
control measures; and (3) determine the relation of environmental! 
conditions to the occurrence of unusually serious attacks of common 
diseases. 

—1-1-11—Methods of accelerating decay of logging slash to reduce 
fire hazard. To determine the effect on the forest-fire hazard of the 
decay of logging slash and storm debris and learn what fungi cause 
the decay, the rate at which they work in different climates, ‘and the 
dieidivonins of different methods of handling or treating slash in 
ae dec ay and diminishing the fire risk. 

c-1-1-12—Deterioration of killed timber in relation to forest man- 
agement adtete To determine, as a basis for estimating salvage 
and management, the rate of decay and deterioration in large- sized 
Douglas fire, spruce, and other Pacifie Northwest conifers killed by fire 
or windstorms and the fungi and environmental factors involved; and 
to identify the fungi causing decay and determine if they affect 
adversely subsequent reforestation. 

e-1-1-13—Decay cull affecting lumbering operations in spruce, 
fir, and incense cedar in the West. To complete the collection of field 
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data on the causes of heart rots of spruce, fir, and incense cedar 
throughout the commercial range of those species in the West, and to 
interpret the data so as to help foresters and lumbermen to recognize 
infected and high-risk trees by external signs, make better estimates 
of sound timber volumes, and decide which stands or trees should be 
cut and which may safely be left to make further growth. 
c-1—1-14—-Relation of thinning and pruning to decay in Douglas 
fir and ponderosa pine. To collect and compile information that 
foresters can use in determining for young stands of Douglas fir and 
ponderosa pine the minimum stand density that must be maintained 
to avoid extensive infection by wood-rotting fungi, which trees should 
be removed in thinning becatise of probable infection, and how great 
is the infection hazard at wounds of different sizes made in both live- 
branch and dead-branch natural pruning. 
c-1-1-15—Relation of logging injuries to decay in western hemlock 
and associated species. To determine (1) the species for which special 
care is needed to decrease logging injury to trees left standing after 
the stand has been cut over, (2) what degree of injury is so caaiianee- 
ing to decay that the injured trees should be cut at once, and (3) in 
what classes of stands is the probable cull from such decay sufficient to 
affect the decision between partial cutting and clear cutting. 
c-1—1-17—Methods of diagnosing and controlling losses due to en- 
vironmental factors. To determine diagnostic characteristics of dam- 
age to forest trees from adverse environmental factors such as frost, 
ice, snow glaze, heat, drought, site conditions, or industrial fumes; 
define criteria by which sites especially hazardous because of unfavor- 
able environmental factors can be recognized; and compile data as to 
the location of such sites and tree species involved for use by the 
Forest Service and others in damage appraisal or in planning salvage 
cuttings, reforestation, or other management programs. 
c-1—1-19—Relation of thinning and pruning to decay in the oaks. 
Through continued observations of previously established oak plots 
in the South, to determine the effect on decay in oak of pruning and 
thinning operations. Such information is necessary to determine 
whether pruning will improve the quality of the timber and to develop 
recommendations and rules for use by foresters and owners. 
c—1-1-20—Cause and control of birch diseases in the East. To 
determine the cause of and develop methods to control the dying 
of yellow and paper birch in commercial stands from the Canadian 
Maritime Provinces west through New England to the Lake States. 
c—1-1-21—Pole blight of western white pine. To determine the 
cause, symptoms, rate of development, and distribution of the pole 
blight disease of western white pine and to develop control methods, 
including possible revision of management practices for stands 
affected with the disease. 
c-1—1-22—-Native rusts of western trees. To (1) prepare for publi 
cation all unpublished records of the BPISAE of completed work on 
native western tree rusts; (2) investigate the rust, Cronartium fila- 
mentosum, determine its characteristics, distribution, host range, 
alternate host relations, control by silvicultural means, and related 
facts concerning the disease and the fungus that causes it, and to 
determine whether all damage ascribed to it is caused by that fungus 
or by another species, 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Beginning it in 1900, reconnaissance studies resulted in the recognition 
of many of the more conspicuous tree diseases and decays, the causes 
of the simpler ones, and the life history of some of the fungi that cause 
them. Beginning in 1911 in the West, heart rots of living trees were 
studied to improve the utilization of overmature infected stands on 
national forests and to adapt timber-management practices that would 
decrease the risks from disease in the stands left for a later cut. In 
1925 this type of study was extended to the East. As State and 
private interest in forest management increased, studies were broad- 
ened to include cankers, leaf diseases, root rots, littleleaf disease of 
pines, the unexplained killing epidemics in birch in the Northeast and 
white pine in Idaho, the fungi that cause the death of insect-attacked 
beech and pine, and the decay rate of logging slash, From 1933 to 
1941 special attention was given to getting research findings into use 
in the stand-improv ement activities of the Civilian Conservation 
Corps. 

D. FUNDS—ANNUAL EXPENDITURES 


It is estimated that between 1900 and 1910 an average of about $3,000 
was expended annually for this work. From 1910 “to 1924 expendi- 
pad varied between about $12,000 and $40,000. By 1930 the amount 

ras increased gradually to approximately $95,000 and fluctuated be- 
twee this figure and $110,000 until 1942 when approximately $150,000 
was spent. “From 1943 to 1949 the expenditure has ranged between 
about $75,000 and $151,000. In 1950 it was $160,100. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Methods have been determined to hold in check losses from heart rot 
in Appalachian oak.—Research has shown that stands of eee 
origin can be kept practically free from heart rot to the age of 12 
years or more by preventing fire or utilizing promptly any trees that 
have large fire scars at the base. The decay expectancy due to fire 
was worked out and used as a basis for damage claims. The finding 
that the increasing area of sprout stands can be kept free from the butt 
rot that spreads from the old stumps into the sprouts—and formerly 
ruined nearly a fourth of the sprout trees—is put to practical use in 
stand-thinning operations. Sprouts that start from ground line or 
below ground line, and especially those from the smaller stumps, 
escape this decay infection. If the trees are thinned out before the 
age of 20 years, the safe sprouts can be recognized and kept as the crop 
trees. In old stands held for high-grade lumber or barrel stock, rules 
have been developed for distinguishing the trees that are subject to top 
rot from those that can be safely left for a later cut. The Forest 
Service has put these rules into regular use in timber sales. 

Heart rot in ponderosa pine —In South Dakota and the Southwest, 
decay cull on several national forests has averaged 25 percent or 
more. It was found that the decay resulted from a ‘single fungus, that 
it entered the trunk only through the larger dead branches, and that 
it does not enter through properly made pruning wounds. On this 
basis, in stand-improvement operations young stands have been safe- 
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guarded by selecting and pruning as crop trees only those that have 
not had dead branches of the size that admit infection. 

Trunk cankers—In Appalachian and northern hardwoods, fungi 
that kill bark have caused heavy losses in some places. Studies 
showed (1) that asudie ation of the disease is not practicable; (2) that 
in yellow poplar, on which trunk cankers have sometimes been locally 
quite destructive, progress of this disease can be stopped by thinning 
the stand sufficiently to speed up normal growth and healing; (3) that 
for other species, by teaching stand- improvement workers to recognize 
diseased trees in the early “infected stages, enough uninfected crop 
trees can be selected to form the new stand : and (4 ) that in the North- 

vast, stands heavily infected are usually on sites formerly occupied 
partly by softwoods and should be managed so as to produce stands 
composed of species similar to those in the original stands. 

Decay of logging slash—At the request of the Forest Service, 
studies have been made on the decay rate of the inflammable slash 
left after logging. Separate attention was given to the fog belt of the 
Pacific Northwest, the pine regions of eastern Oregon and W ashing- 
ton and the Southwest, oak in the Ozarks, and softwoods and hard- 
woods in the Northeast. While differences in tree species and local 
moisture and temperature conditions affected the result, it was found 
that in most cases the simpler and less expensive methods of slash 
(lisposal gave as rapid decay and reduction of fire risk as did the more 
expensive procedures. 


F. SOME ADDITIONAL WORK NEEDED 


ftesearch is urgently needed to determine the cause of pole blight 
of western white pine and to devise practices for its control_—This 
extremely serious disease is now known to occur on at least 100,000 
acres of forest in Idaho, Washington, and Montana, and the disease 
is spreading. White pine is the most important species in the region. 
Research to determine the cause of the disease and to develop control 
practices is needed urgently to prevent further spread of the disease, 
especially in the Clearwater area, where 70 percent of the commercial 
white pine is produced. 

T he Organisms CAUSING the serious root rots of softwoods in the 
West and the conditions that favor or hinder them must be better 
known before the best methods can be developed for growing trees 
at a profit to the age required for high grade lumber production.— 
Pines, especially in California, and Douglas fir in the high-yield 
region of the Pacific Northwest, are killed ‘by root fungi which work 
slowly but cause heavy losses in many stands before the trees are cut. 
Moreover, affected pines not yet killed become susceptible to insect 
attack. 

Littleleaf disease of pines in the Southeast—This disease is the 
principal factor to be considered in the management of millions of 
acres of shortleaf pine in the Piedmont region. The combination of 
causes, including probably a root fungus, ‘poorly permeable subsoils, 
and deficient nitrogen-absorbing c apacity, is yet to be fully worked out, 
and much more must be known as to the species mixtures and soil con- 
ditions under which this most important tree species of that region 
can be profitably grown. 
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The distribution, means of spread, and potential damage of oak 
wilt should be dete rmined.—This serious fungus disease has now been 
found in the important Ozark oak timber- ‘produci ing region. The 
disease was known formerly in an area farther north in States where 

oak timber stands are less extensive. The fungus cause is known, 
but it is not known how the disease spreads, and control methods have 
not been developed. No evaluation has been made of potential dam- 
age in the mid-South or other regions should the disease spread to 
them. 

There is urgent need to determine the cause of decline of birch 
stands in the Northeast and to develop control measures.—Birch 
stands are declining on several million acres. Failure of these stands 
is threatening the important pulpwood and lumber industries in the 
region. 


Diseases oF Youna Narurat STanps AND PLANTATIONS, INCLUDING 
Wurire Pine Buster Rust, Cuestnutr Buicur, Rusr or SourHEerRN 
PINES, ETC. 


(BPISAE—c-1-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the causes of and develop control measures for dis- 
eases of important species of young forest trees growing on naturally 
femahins rated areas and in plantations. Management practices are 
being developed to prevent or reduce to a minimum the losses caused 


by disease, and resistant trees of species affected by epidemic diseases 
are sought in forest stands and produced by breeding. Tests are 
made of the disease resistance of hybrid forest trees developed by 
other agencies. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c—-1-2-1—Control of dwarf mistletoe. To determine methods of 
reducing losses from dwarf mistletoe in western pine stands, and the 
influence of mistletoe on their natural restocking. 

c—1-2-2— Root rot, nut deeay, and other diseases attacking blight 
resistant chestnuts. ‘To determine methods of control for root rots, 
nut decays, and other diseases of blight-resistant chestnuts. 

c-1-2-3—Testing, breeding, and propagating blight-resistant 
chestnuts. ‘To assist private and public Jandowners in establishing 
blight-resistant chestnuts on land made less valuable by the complete 
loss of the American chestnut, and to assist horticulturists in estab- 
lishing an orchard industry based on chestnuts resistant to chestnut 
blight. 

c—1-2-4—Selection and propag ration of pine, currants, and goose- 
berdien’ resistant to white pine blister rust. To locate and test white 
pines, currants, and gooseberries resistant to the blister rust and de- 
velop improved resistant strains or varieties of white pine by breed- 
ing and selection. 

c-1-2-5—Blister rust hazard from different species of currants and 
gooseberries. ‘To determine the relative susceptibility to blister rust 
of species and races of currants and gooseberries, the amount of pine- 
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infecting spores produces by each, and the need for their removal 
in blister-rust-control areas. 

c—1-2-8—Development of control measures for fusiform rust, 
brown spot, and pitch canker of southern pine. To devise control 
measures for fusiform rust and brown spot in young southern pines, 
select and propagate strains and clones of pines resistant to these 
diseases, and evaluate the threat to southern pines of a newly recog- 
nized disease known as pitch canker. 

c—1-2-9—Cause and control of bamboo diseases. To determine the 
causes of and probable damage from diseases of bamboo, and devise 
control methods to encourage the development of bamboo plantations. 

c—1-2-10—Damage from blister rust in stands of eastern white 
pines. ‘To determine damage from blister rust in stands of eastern 
white pine from which the gooseberries and currants that produce the 
pine-infecting spores are not removed. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The work was begun with study of two introduced diseases ae 
ing two of the most valuable and important tree species in Americ 
namely, chestnut and white pine. Following the destruction of the 
very valuable American chestnut forests by the blight, the intro- 
duction, development, and management of blight- resistant chestnuts 
became and remains a major problem. Blister rust was soon recog- 
nized as a cause of understocking in young natural white pine stands, 
and the need became evident for contro] measures and for blight- 
resistant pines for forest planting. The discovery, through research, 
that white pine blister rust cannot spread except where currant and 
gooseberry bushes are nearby and provide the alternate host for the 
disease made possible the present Federal control program. Re- 
cently more attention has been paid to the selection or production 
by breeding of blister-rust-resistant trees for forest planting. As the 
extensive forest plantings made in the 1930’s developed, it became 
clearly evident that rec ognized native diseases were causing many 

failures. On the other hand, some plantings have declined or already 

failed from diseases of unknown causes. With increasing dependence 
being placed on forest planting for future timber supplies, the need 
has become more urgent for explicit information on the relation of 
site factors, species selection and composition, planting methods, and 
management practices to disease control. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Records of annual expenditures on the project are unavailable for 
years earlier than 1928. Between 1928 and 1943 annual allotments 
fo the work varied from a high of about $55,000 in 1928 to about 

$30,000 in 1943. From 1944 to 1947 the funds varied from $ $33,000 to 
$70,0 10. In 1948 and 1949 the amount was reduced to an average of 
about $35,000. In 1950 the allotment was $38,740. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Discovery that the fungus causing chestnut blight was introduced 
into this country from Asia \ed to a successful search in eastern Asia 
for blight-resistant chestnut species and their introduction, propa- 
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gation, and distribution to the public. The rapidly expanding chest- 
nut-orchard industry developed from these introductions, and they 
are the basic stock used in breeding work to produce better forest- 
type resistant chestnuts. Some introduced strains are promising as 
forest trees and have high tannin content. 

Control of the chestnut-blight disease on the Pacifie coast.—Co- 
operative Federal and State work has revealed the chestnut-blight dis- 

ease several times on the Pacific coast, where there is a large chestnut- 
orchard industry of susceptible European and American chestnut 
trees. Affected trees have been eradicated as soon as found, and a 
close watch is maintained for new outbreaks. The suppressive meas- 
ures adopted have probably saved the west coast chestnut-orchard 
industry. 

In a cooperative study with specialists of chestnut-exrtract plants, it 
was found that the tannin content and specific gravity of dead trees 
were retained with but little loss for 20 years or more. This informa- 
tion allayed industry fears and established confidence in the probabil- 
ity of a continued supply of critical tannin-extract material for many 
years. The supply of the critical tannin-producing dead chestnut is 
now nearing exhaustion. 

In early study the white pine blister rust fungus was differentiated 
from somewhat similar, but less harmful, native rusts.—The relation- 
ship of stages of the rust fungus on American spec ies of ribes (currants 
and goose berries) in the East to infection of pine was established and 
the value of the ribes eradication as a control measure for the rust 
demonstrated. These studies provided the essential information 
needed to develop the basic control methods still in use. The studies 
were extended later to western species of ribes to determine the need 
for a blister-rust control in the susceptible western white pine stands. 

Field experiments demonstrated that brown spot, a common and 
serious fungus disease of longleaf pine, can be controlled by burning 
over the affected area. The disease kills young trees or gre: itly retards 
their growth in plantations and n: iturally seeded areas and results in 
understoc ‘king. This unique use of fire as an aid to the establishment 
of longleaf pine forest stands is now widely used but requires care- 
ful supervision. 


F. SOME ADDITIONAL WORK NEEDED 


Practicable methods are needed for reducing losses from dwarf 
mistle toe in connection with logging or stand-improvement operations 
in western pine.—The maximum interval allowable between sanitation 
operations should be determined to hold costs to a minimum, and de- 
termination should be made as to where and how frequently mistle- 
toe-control methods must be applied to prevent understocking of 
young pine stands. 

The breading program to develop blight-resistant chestnuts should 


be continued until blight resistance and other desirable qualities are 
fixed in the selections so that they will breed true in nature and not 
lose their inherited blight-resistance factor. Methods of propagating 
vegetatively the valuable selections by cuttings or otherwise are needed 
so that true-to- type stock will be available for orchard plantings and 
other uses. 
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Tests should be continued and extended of plantings of forest-type 
blight-resistant chestnuts. Information is needed, as a guide for more 
extensive plantings, on.the relative blight resistance of strains and 
hybrids, their rate of growth, yield and quality of nuts, tannin con- 
tent, timber production, and : ability to survive and reproduce in nature. 

Improved methods are needed to control the fusiform rust disease of 
pines in the South—The disease destroys pine plantings in some areas 
but not in others. More information is needed on the effect of site 
factors on the destructiveness of the disease, to enable foresters to 
choose planting sites not seriously predisposed to it. 

White pines resistant to bliste r rust are needed to serve as seed 
sources for new fores all 
white pine regions for trees that hove venaainid free of the disease 
after prolonged exposure to natural infection. These should be tested 
under controlled conditions and those found to be truly resistant used 
as sources of seed and propagating material. 





Forest Nursery Diseases, Incuuptina Damprnc—Orr, Brown Spor, 
SToRAGE, AND Transit Dtsrases, Erc. 


(BPISAE 





c—1-3—Federal-State—Regukhar Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop practical methods for the control of diseases of forest 
tree seedlings in nurseries as a means of preventing crop failures and 
delay or disruption of reforestation planting schedules. Causes of 
diseases are determined and control methods sought through sprays, 
soil treatments with chemicals, modifications of cultural practices, 
seed selection or disinfection, and by the elimination of other kinds of 
plants that harbor forest tree seedling diseases. 


B. CURRENTLY ACTIVE LINE PROJECTS 


—1-3-1—Control of diseases of seeds and seedlings of forest trees. 
Determine causes of diseases of forest tree seedlings and develop con- 
trol methods to stabilize production, permit orderly development of 
reforestation planting, and prevent costly losses of seedlings in nurs- 
eries. Control methods for fusiform rust fungus on seedling south- 
ern pines and the causes of failure of white pine » seedlings i in the North 
are being studied. 

~—1-3-2—Cause and control of root disease of southern pine in the 
W. W. Ashe Nursery of the Forest Service. Determine the cause 
and develop control methods for a root disease of southern pines that 
threatened to force abandonment of the W. W. Ashe Nursery. De- 
termine the comparative survival rate of seedlings transplanted from 
the Ashe and other nurseries to reforestation ‘outplantings on the 
DeSoto National Forest. 


C. HISTORY AND EVOLUTION OF THIS WORK 


When this project was started in 1905, damping-off of first-year 
seedlings and other diseases so often wiped out entire sowings that for- 
est planting plans could not be carried through on any regular sched- 
ule. Foresters therefore imported planting stock from Europe 
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and brought in pests with it, including the disastrous white pine blis- 
ter rust. By 1919 the major problems had been sufficiently solved to 
insure fair regularity of production, and the project was put on a 
stand-by basis. For the next 15 years studies were mainly limited 
to anadl greenhouse and laboratory experiments to improve the un- 
derstanding of the field results, supervision of local tests made by the 
nurserymen themselves for improvement in application of the earlier 
findings, and study of a new root-rot fungus that caused damage in the 
East. With the expansion of forest and erosion-control planting by 
the Civilian Conservation Corps in 1934-40, including the establish- 
ment of nurseries on new soils and introducing large numbers of 
broadleaf species into the planting program, the project was reacti- 
vated on a larger scale, with the aid of Emergency Conservation 
(CCC) and Plains Shelterbelt funds. During this period it was in 
part a research activity but more in the nature of technical service in 
which pathologists visited or worked in nurseries and assisted the 
local staffs to distinguish different kinds of diseases and to determine 
by practical trials the treatments appropriate to their species and 
local conditions. The project again went on a stand-by basis during 
World War II and has since been largely limited to study of a new 
root disease that was incapacitating the largest Forest Service nursery 
in the South, a disease of white pine of unknown cause in the North, 
and a cedar disease that had not been satisfactorily controlled in the 
sarlier work, 


D. FUNDS—-ANNUAL EXPENDITURES 


It is estimated that from 1905 until about 1920 expenditures aver- 
aged $3,000 annually. About $1,500 was spent annually between 
1920 and 1935. From 1935 to 1939 annual expenditures averaged 
approximately $40,000 including funds from the CCC. The project 
was discontinued during W orld War II. From 1945 to 1949 the al- 
lotment averaged about $3,500 annually. In 1950 it was $4,060. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Control of damping-off disease of pine, spruce, and fir—It was 
shown that the disease can be almost entirely avoided by placing 
seedbeds on moderately acid soils and avoiding nitrogen fertilization 
until 2 months after seed sowing. Four nurseries where soil was not 
sufficiently acid, successful ¢ ontrol methods were dev eloped and widely 
adopted, in which the seedbeds were artificially acidified by sulfuric 
acid, aluminum or iron sulfate, or orthophosphoric acid, the first two 
of which ordinarily pay for themselves by their incidental effect in 
weed control. Prior to the studies, disease introduced so much un- 
certainty into production of stock for forest planting that a large 
part of the planting stock was brought in from Europe, and the white 
pine blister rust was brought along with it. 

Control by spray treatments for other serious diseases of forest 
nursery seedlings —Brown spot and fusiform stem rust of southern 
pines, hemlock twig rust, top blight of locust, and ash leaf spot are 
examples of the types of top diseases for which spray treatments have 
been devised. 

Control of nonparisitic diseases helped to stabilize forest seedling 
production.—In the early attempts to raise pine, spruce, and fir for- 
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est planting stock on a large scale, heavy losses occurred which were 
supposed to be due to fungi. Intensive studies showed that a con- 
siderable part of the supposed damping-off of very young seedlings 
was due to excessive heat at the soil surface. The heaviest losses in 
older stock were caused by drought in overdense stands. The symp- 
toms in both cases were deceptively like those caused by fungi, and 
the losses were being greatly aggravated by attempts to control them 
by the methods used against fungi. Winter drying in overthin 
stands, freezing of roots of certain “broadleaf species during trans- 
planting, iron deficiency due to lack of soil acidity, injury from the 
arsenic that was used against white grubs, and molding of needles 
that was mainly due to smothering by mulch or by snow in nurseries 
located at too high elevation, were also types of trouble that caused 
some heavy losses but could be easily avoided after their cause was 
determined. 

A satisfactory control has recently been found for a root disease of 
southern pine that almost forced the closing of a large Forest Service 
nursery in the South. The possible causal relationship of nematodes 
to root diseases of coniferous seedlings was recognized and formed the 
basis for the development of soil- fumig: ition treatment and renewal of 
production at the nursery. 


F. SOME ADDITIONAL WORK NEEDED 


Damping-off of conifers on soils that are very sandy or lacking in 
fertility —The acidic treatments developed for seedbeds cause loss of 
fertilizer elements, which are difficult to replace correctly. There is 
furthermore a damping-off fungus in some soils that cannot be suffi- 
ciently controlled by the acidic treatments. There is need to test at 
nurseries on several soil types some of the many new organic chemicals 
now available, in an effort to find some mixture that will control all the 
damping-off fungi without causing loss of soil fertilit 

Damping-off of broadleaf seedlings —Broadleaf seedlings are 
grown in field rows where the type of seedbed treatment used for 
conifers is not practicable. A damping-off fungus, which attacks just 
before the seedlings appear above ground, causes considerable loss. 
Modern chemicals available for seed treatment before sowing have 
reasonable chance of furnishing a successful method of decreasing 
these losses. They should be tested on a number of different soil types 
and results carefully watched by a pathologist, so their value can be 
determined. 

Satisfactory control of cedar blight.—Since 1900 one nursery after 
another has experienced such heavy losses from this blight that many 
have stopped trying to grow cedar, and production does not now meet 
the demand for planting stock. No safe and satisfactory control for 
the cedar blight fungus has been found. Spraying with the ordinary 
fungicides has not been regularly successful, except by an excessive 
number of applications of a mercury compound. A systematic full- 
time study with new fungicides and other means is needed to relieve 
cedar planters of the high costs of planting stock due to the blight 
losses in the nursery. 

Mycorrhiza—The most important timber species—the pines, 
spruces, firs, and oaks—have few root hairs and probably absorb most 
of the water and minerals they get from the soil through dense layers 
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of fungus tissue, called mycorrhiza, that completely enclose the small- 
est roots. The fungi stimulate the rootlets to form witches’-brooms 
and may or may not compensate for this by aiding in the absorption 
of water or nutrients from the soil. The situation is ver vy complicated, 
and various attempts to solve parts of the problem by small-scale ef- 
forts have failed. For full understanding of the success or failure of 
seedlings both in nurseries and field plantings, thorough studies are 
needed to show under what conditions the commoner of the mycorrhiza 
fungi can be expected to be harmful and how their frequency can be 
influenced. 

Improvements are needed to reduce the cost of the soil-fumigation 
treatment recently developed for control of root disease of southern 
pine. The possibility should also be explored that fumigation may be 
useful in the control of a root disease of unknown cause on white pine 
in the North. The discovery of cheaper spray materials with less fre- 
quent applications would reduce the cost and increase the supply of 
seedlings for reforestation. 


Decays AND Disease Derecrs or Lumper AND Oruer Forest 
Propuctrs, IncLtupING Sap Srarns 


(BPISAE—c-1-4—Federal—-Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine methods of reducing the losses that decay and other 
wood fungi cause to the producer, the wood user, and the forest 


resource. Emphasis is now on determination of the natural decay 
resistance of wood from different species and varieties of trees and 
the effect on resistance of age of tree and position in tree; on improve- 
ment of methods for laboratory testing of the fungicidal effectiveness 
of chemicals proposed for use in wood preservatives; and on the effect 
of various construction and maintenance practices on decay in boats 
and buildings. 


B, CURRENTLY ACTIVE LINE PROJECTS 


c-1-4-1—Correlation of microscopic symptoms with mechanical 
effects of decay on wood. To improve the basis for distinguishing 
wood discolorations that indicate real damage by fungi from those 
that do not; to aid other agencies and investigators and wood users 
by diagnosing c auses of defects. 

c-1-4-2—Decay in buildings. To determine, particularly in low- 
cost seaside in what situations and what parts of buildings decay 
is frequent enough to require special preventive precautions, and what 
are the simplest “and most economical practices for giving the protec- 
tion needed. 

c-14-8—Decay in boats. To provide a better basis for avoiding 
decay in wooden parts of boats through improved practices in con- 
struction, repair, and storage. Current emphasis is on controlling 
moisture content and on application of fungicides, especially to 
oe n flight decks of aircraft carriers. 

~14-5—Natural ee ‘esistance of woods. To obtain better data 

on the differences i in durability between tree species and varieties, 
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between trees of different sizes or ages, and between different parts 
of the same tree, as a guide to tree planters and wood users. 
c—1-4-6—Pathological deterioration of plywood and glue. To de- 
termine relative susceptibility of different types of glue and ply- 
wood to damage by fungi and bacteria and how the more susceptible 
glues can best be safeguarded either by changes in processing or the 
addition of fungicides. 
c-1-4~-7—Deterioration of paper, fiberboard, and impregnated wood 
products. To help broaden the market and usefulness of wood by 
determining the resistance to deterioration by micro-organisms of new 
types of modified wood and wood-fiber products as they are developed. 
c-1-4-8—Relation of coatings to fungus attack. To determine in 
what uses paint, water repellents, and other coatings favor mildew 
and decay and in what situations the coatings may be made to hinder 
them, particularly for the information of builders and owners of boats 
and buildings and for containers that are to be exposed to weather. 
c—1-4-12—F actors affecting fungicidal efficiency of wood preserva- 
tives. ‘To determine the fungus and bacterial factors affecting the 
efficiency of the fungicidal preservatives and to improve biological 
assay methods (tests with living materials) for accelerated tests of 
chemicals or mixtures proposed for wood preservation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Some work was done prior to 1910 on control of sap stain in lumber. 
All studies since that time have been in close cooperation with the 
Forest Service. Supplementary to work on wood preservation, lab- 
oratory studies were made on the toxicity to fungi of possible pre- 
servative chemicals. During World War I a joint tide was made 
with the Forest Service on the deterioration of stored wood pulp 
and the acceptability of discolored wood for aircraft and vehicle 
fabrication. Because of new architectural trends and the increased 
proportion of sapwood used as the old-growth timber was exhausted, 
increased damage from decay in buildings required attention. It 
also became necessary to learn more about the natural decay resist- 
ance of wood from the younger trees from which posts must now 
be cut. Beginning in 1928, advantage was taken of the availability 
of new chemicals to improve lumber dipping for stain control. The 
needs of the armed services in 1942 led to pioneer studies on decay 
in boats and studies on defects in additional species used in gliders 
and training planes. Lumber-dipping studies were resumed to in- 
clude control of decay as well as stain because of the decay hazard 
created by the wartime practice of shipping large quantities of green 
lumber, and a search was made for substitutes for scarce dipping 
chemicals. One current effort is to improve methods for quick evalua- 
tion of new chemicals for their usefulness in preservation of wood 
from decay, undertaken because of the large number of new chemicals 
and the willingness of other agencies to cooperate. Work on the 
project has yielded practical information that has been put to use 
by sawmills, manufacturers, builders, and the Armed Forces, and has 
resulted in increases in our fundamental knowledge that will aid in 
further studies of practical value. 
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D. FUNDS—ANNUAL EXPENDITURES 


Expenditures on this project varied from an estimated $500 in 1900 
to $3,000 in 1917. From 1918 to 1942, annual expenditures ranged 
from $10,000 to $15,000. In 1943 there was an increase to about 
$45,000, and this was raised to approximately $100,000 in 1944 because 
of war needs. Since the war, from $75,000 to $87,000 has been allotted 
tothe work. In fiscal year 1950 the : atlotenend was $86,560. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Diagnosis and evaluation of wood defects—During World War I, 
there was urgent need for large volumes of high- quality spruce and 
other woods for aircraft construction. Much of the wood obtained 
was being ere by inspectors on the suspicion that it was infected 
with decay. During World War II, the same situation arose, par- 
ticularly for species used for trainers and gliders. Emergency studies 
showed that most of these discolorations contained no decay fungi 
and indicated no important loss of strength. Hundreds of sets of 
samples illustrating the harmful and harmless discolorations were 
distributed to wood inspectors, which made it possible for them safely 
to accept a larger proportion of the wood. Similar diagnostic service 
is available to manufacturers and cooperating investigators on ques- 
tionable material submitted during peacetime. 

Natural decay resistance of wood.—Because of the increased diffi- 
culty in getting highly resistant old-growth wood for such uses as 
poles, fence posts, or boat construction, durability studies have been 
made on several of the more resistant native hardwoods and a number 
of tropical species, as well as four of the more resistant softwoods. 
Decay resistance has been found primarily due to chemicals in the 
wood which are poisonous to the fungi, rather than to the hardness or 
density of the wood. In most species the most durable wood can be 
obtained from the outer heartwood. Varieties of black locust found 
by the Soil Conservation Service have been shown to have much 
higher inherent resistance than ordinary locust of the same size or 
age, and similar differences have been found between individual trees 
in some other species. A method has been found for determining the 
resistance of the wood of seed trees without injuring the tree. The 
way is thus opened for developing resistant varieties for forest 
planting. 

Fungus resistance of plywood and other modified wood products.— 
The effect of different plywood glues as barriers to the penetration 
of fungi has been studied and also the resistance of wood, fiberboard, 
and paper that have been given special plasticizing-or chemical treat- 
ments or resin impregnation. These studies are on specimens sub- 
mitted by the Forest Service, the Department of Defense, and others. 
The studies do not in themselves result in new materials or processes 
but have contributed to the knowledge needed by other agencies in 
developing new uses for wood products. 

Decay in boats and aircraft.—In studies begun during World War 
IT, it was found that decay could be prevented entirely in aircraft, 
and to a large degree in boats, by more attention to keeping out rain 
water, and to provisions for drainage or ventilation to remove water 
that unavoidably gets in. 








1618 AGRICULTURAL RESEARCH AND RELATED SERVICES 


Decay in buildings —The increased construction on low foundations 
and with nondurable sapwood, during the early part of this century, 
brought with it increased damage from decay. Field surveys were 
made and the more obviously needed changes stimulated by publica- 
tions and contact with architects and building-code officials, leading 
particularly to a marked decrease in the number of complaints of the 
so-called dry-rot type of damage. With the current extensive build- 
ing of houses without basements, unwillingness to leave ventilators 
open under the floor in winter has resulted in many cases of serious 
decay made possible by condensation of moisture on sills and joists. 
Tests on buildings in numerous low-cost housing projects during the 
past 8 years have shown that winter condensation favorable to decay 
can be eliminated by simply laying on the soil, under the house, roll 
roofing or some similar vapor barrier, without fastening or sealing of 
joints. The method is cheap and is being favorably received by hous- 
ing agencies. 

Control of sap stain in lumber.—The staining fungi often result in 
otherwise first-class lumber being put into inferior unprofitable grades, 
especially in export trade. In the early 1930’s when new chemicals 
became available, and in the 1940’s when wartime shipments of lum- 
ber were too largely made in the green condition and special economy 
was needed in chemicals, attention was given to improvements in 
control. In tests of more than 200 different chemicals or combina- 
tions, three were found that are effective at dilutions that cost only 
about 20 cents per thousand board feet and at even lower conéentra- 
tions by using them in suitable mixtures. They have been applied to 
as much as four billion board feet of lumber in a single year, and their 
use has spread to many other parts of the world. 

Methods for quick testing of wood preservatives—Because of in- 
creasing demand for preservative chemicals of known composition 
to supplement coal-tar creosote, emphasis has been given since World 
War IT to methods for quick testing of new chemicals or combina- 
tions for their effectiveness in protecting wood against decay fungi. 
Actual service tests require many years and do not meet the need. 
Laboratory test methods in which blocks treated with the new chemi- 
cals are weathered and then inoculated on sterilized soil have been 
refined and are being correlated with results of slower field tests by 
cooperators. The new laboratory methods have already been adopted 
by a number of university and industrial laboratories. 


F. SOME ADDITIONAL WORK NEEDED 


Fundamental studies with the decay fungi—For progress in prac- 
tical decay prevention, fundamental studies of the Soliewing types are 
needed : (1) On the production, dissemination, and germination of the 
spores of the wood-rotting fungi and the factors affecting their pene- 
tration into fresh wood. Because of technical difficulties in work with 
spores, nearly all experimental work here and abroad has been with 
infection by masses of fungus tissue, and thus has not given infor- 
mation as to how infection usually occurs in nature or as to the quali- 
ties a fungicide must have to prevent infection by spores. (2) On 
soil micro-organisms that break down preservatives. (3) On the de- 
gree to which nondecay fungi help the wood-rotting fungi by increas- 
ing water absorption or hinder them by antibiotic action. (4) On 
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the relation of wood moisture content to the rate of decay. It is 
known that decay will not spread in wood much below 24-percent 
moisture content or in wood that is completely waterlogged, but in- 
tensive studies are needed to determine in what range of moistures the 
fungi are able to decay wood rapidly or to start an attack on the more 
resistant woods. (5) On the nature and toxicity of different chemi- 
cals found in the most durable woods. If the toxic compounds in such 
woods as teak or osage orange were better known, it might become 
possible to synthesize fungicides that would reinforce or be better 
than the wood preservatives now in use, whether in killing the fungi 
or hindering their wood-destroying enzymes. 

Decay in walls of buildings.—The increasing use of sapwood in 
siding and the increased employment of insulation and vapor barriers 
in wall construction have already led to a considerable number of 
serious decay cases in recently built houses, both from rain water 
that gets into the wall and from vapor that condenses in the wall. 
More extensive studies to determine the frequency of such cases and 
the particular practices that cause most of them are needed soon if 
houses now being built are to be economically safeguarded against 
decay damage. 

Decay in boats.—Wood is still generally regarded as the best mate- 
rial for the hulls of boats up to lengths of 60 feet or more. Even in 
the larger ships there are important uses of wood, as in flight decks 
of aircraft carriers. It is increasingly difficult to obtain wood of 
high decay resistance, and the exclusion of excess moisture and applica- 
tion of preservatives in boat construction is more difficult than with 
such items as poles or bridges. More study is needed on the resist- 


ance of the woods now available and on the procedures needed for 
keeping moisture content within safe limits. The apparent decay 
susceptibility of molded plywood hulls is also a matter of concern. 


DISEASES OF STREET AND SHADE TREES 
(BPISAE—c-1-5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


In cooperation with State agencies to (1) determine the nature, 
causes, and origins of shade tree diseases; (2) develop practicable 
control measures; and (3) to diagnose for the public the causes of 
specific shade tree diseases and recommend control measures. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c-1—5-1—Selection, development, and propagation of elms resistant 
to Dutch-elm disease. To discover, or produce by breeding, American- 
elm types resistant to Dutch-elm disease to replace present plantings 
now being destroyed by the disease, and to determine practicable 
methods of propagating the resistant, stock on its own roots. 

91.30 dieeiatenant of contro: methods for Dutch-elm disease. 
To discover ways of saving present plantings of American elms from 
destruction by Dutch-elm disease. Soil treatments with chemicals 
to prevent or cure the disease are being tested, and other possible 
control methods are being sought. 
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c-1-5-8—Development of control methods for elm phloem necrosis. 
To discover methods of saving present plantings of American elm 
from destruction by this deadly virus disease. Sprays and soil 
treatments with preventive or therapeutic chemicals are being in- 
vestigated. 

c—1—5-4—Selection, development, and propagation of phloem necro- 
sis-resistant elm tree varieties. To discover, or produce by breeding, 
American-elm types resistant to phloem necrosis and to develop 
methods of propagating them so that they can be made available 
to the public. 

c-1-5-6—Selection, hybridizing, testing, and propagating of wilt- 
resistant mimosas. To discover, or produce by breeding, mimosa 
trees resistant to the wilt disease, and to develop methods of propa- 
gating them. The resistant varieties will be introduced to replace 
the susceptible varieties now widely planted in the South. 

c-1—5-7—Development of methods for control of mimosa wilt. To 
determine means of protecting present plantings of mimosa against 
infection by the wilt fungus, and to determine how the fungus spreads 
from tree to tree and from place to place. Soil treatments with fungi- 
cides are being tested. 

c—1-5-8—Diseases of magnolia, carob, and other shade trees. To 
determine the causes of new diseases of carob, magnolia, and tulip 
poplar, and develop control measures for them, and to identify causes 
of shade tree diseases for Government agencies and the public and 
recommend control measures, 





C. HISTORY AND EVOLUTION OF THIS WORK 


Work on the protection of shade trees from disease was begun about 
1913. Early work was focused on a survey to evaluate the major 
problems, describe symptoms, and identify the causes of the more 
important native diseases. Important technical advances were made 
in tree-surgery practices, and the ethical standards of commercial 
arboriculture were improved under the Department’s leadership. 
During the 1920’s some of the more serious native tree diseases were 
studied and control measures developed. Since 1930 rapidly spread- 
ing epidemic diseases have required the major attention. These in- 
clude the introduced Dutch-elm disease, mimosa wilt, elm phloem 
necrosis, and canker stain of the London planetree. Now, oak wilt 
is threatening shade and park tree plantings, and a new killing maple 
disease has appeared recently in England which must be pated 
against. Elms, oaks, mimosa, and maples are the backbone of shade- 
tree plantings in many parts of the Nation. With three of these 
species already threatened by fatal diseases and the other endangered 
by the new maple disease, there is increasing demand and need for 
the formulation of practicable measures to control them. 


D. FUNDS—-ANNUAL EXPENDITURES 


Annual expenditures to 1930 are estimated from $10,000 to $20,000. 
Expenditures varied from about $30,000 in 1930 to $82,000 in 1939, 
a large part of which was spent attempting to eradicate Dutch-elm 
disease. During the war some shifts were made to projects related 
to national defense, and expenditures were reduced to about $28,000 
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by 1945. From 1946 to 1950 the amount was increased from $59,000 
to $103,520. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Fundamental contributions were made to the knowledge of the 
nature, importance, and means of spread of the Dutch-elm disease.— 
‘This information provided a basis for the development of suppressive 
measures used in the eradication program and is the basis for the 
formulation of improved control measures. 

Outbreaks of Dutch-elm disease discovered in Ohio in 1930 were 
suppressed.—Proof was obtained that the disease had been brought 
into the country on elm logs from Europe. The relation of dead and 
dying elms to spread of the disease was determined ; the relative sus- 
ceptibility of species of native and introduced elms was described ; 
and identification techniques were developed to differentiate Dutch- 
elm disease from similar but less severe native elm diseases. 

Disease-resistant elm introduced from Europe-—A method of prop- 
agating this European elm on its own roots has been discovered, and 
young trees have been supplied to nurserymen, city foresters, experi- 
ment stations, and colleges for propagation and regional testing. 
Also, a new method has been discovered of propagating rapidly on 
their own roots disease-resistant varieties of the American elm. 

Simple control measures were discovered for canker stain, a deadly 
disease of London planetree.—This widely planted tree _ ies thrives 
under = adverse conditions common in metropolitan are In the 
late 1930's large numbers of the trees were being killed in eastern 
cities by a disease of unknown cause. Work was “begun i in 1940 and 
finished in 1944. A fungus was proved to be the cause of the disease, 
and its means of spread by man or pruning tools and in tree wound 
paints was demonstrated. Safe pruning dates were discovered and 
sanitation practices developed. By application of the control meas- 
ures advised, park and municipal authorities have brought the disease 
under control and reduced its importance from a major threat to the 
species to that of a minor annoyance. 

Identification of phloem necrosis disease of American elms in the 
Midwest.—The disease attacks only the American elm and the south- 
ern winged elm. The Bureau of Entomology and Plant Quarantine 
has cooperated in the discovery of an insect that spreads the disease. 
Numerous American elms have been found that are resistant to the 
disease, and a method has been discovered of propogating from leaf 
and bud cuttings, thus making possible rapid increase of the resistant 
trees for release to the public. As a byproduct of the investigation, 
two additional virus diseases of elm—mosaic and target canker—have 
been described and evaluated. 

A soil- inhabiting fungus that enters through the roots of the tree 
was determined to be the cause of a killing disease of mimosa which 
appeared in the Southeast in the 1930’s. This fungus, which was 
new to science, was described and important aspects ‘of its life cycle 
determined. Several wilt-resistant trees have been found, a method 
of propagating the resistant selections on their own roots has been 
developed, and stocks are being increased for release to the public. 
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Knowledge of native shade-tree diseases was greatly increased.— 
From 1913 to about 1930, several important shade-tree diseases were 
recognized, causal agents were determined and described, distinguish- 
ing symptoms damutuks and control measures formulated. The results 
provided guidance to home owners, park officials, and arborists in 
the selection and care of shade trees. The Department’s leadership 
in developing and disseminating authentic information on tree sur- 
gery practices and on methods of preventing or curing shade-tree dis- 
eases has improved technical practices and raised the ethical standards 
of arboriculture. 


F. SOME ADDITIONAL WORK NEEDED 


Dutch-elm disease, elm phloem necrosis, mimosa wilt, and oak wilt 
are the most serious diseases now threatening shade trees —Emphasis 
should be placed on securing disease-resistant varieties of these trees for 
future plantings and on the formulation of specific control measures 
to protect present investments in them. Search should be continued 
for resistant individuals among native trees and seedlings, and at- 
tempts to produce new varieties by hybridization should be intensified. 
Spread of Dutch-elm disease into the region where phloem necrosis 
is also epidemic points out the need for shade-tree-type elms resistant 
to both diseases. By hybridization it may be possible to secure such 
varieties. 

Oak wilt has not been studied sufficiently to know whether resistant 
varieties exist—Recent spread of the disease indicates the need for 
a study of this problem. 

More economical and more effective methods are needed for protec- 
tion from Duteh-elm disease and phloem necrosis —The use of soil 
treatments with preventive or therapeutic chemicals should be ex- 
plored and evaluated. Development of this type of disease control 
would have wide application in arboriculture as well as possibilities 
in other fields. Presently advertised soil treatments for Dutch-elm 
disease are of little or no value. 

The search for disease-resistant varieties of mimosa or their produc- 
tion by hybridization should be intensified to provide trees for future 
plantings. Some resistant mimosa trees have been found, and these 
are being propagated for release. Because of variability in the 
virulence of the fungus, selection of resistant varieties of mimosa will 
need to be extended indefinitely. 

Methods of preventing the serious tree diseases caused by fungi 
that invade the roots or spread internally are urgently needed.— 
Several of our most deadly diseases are of this type. There are indi- 
‘ations that treatment of the soil with fungicides may be effective in 
preventing mimosa wilt. No method is now known of protectin 
present plantings of mimosa or other species from soil-inhabiting iat 
root-invading parasites. ‘The development of a soil treatment for the 
prevention of mimosa wilt might prove useful in the control of other 
serious shade tree diseases. 

There are close to 1,000 kinds of trees used for yard, street, and 
park plantings in the United States, and the diseases of only a rela- 
tively few of the more widely used kinds have been studied. New 
diseases, some introduced, are constantly being recognized. These 
require continuing study to determine their causes and importance. 
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Diseases oF Trees IN Natrionan Parks, Parkways, RecreEaTIONAL 
AREAS OF THE Natrona Forests, AND OrnEerR Pusiic UNDERTAKINGS, 
Inctupine Stem Ror or SaGuaro 


(BPISAE—c—1-6—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the causes of diseases of trees in natural, recreational, 
and similar areas in national parks. Esthetic, historical, and other 
intrinsic values of trees in such areas far exceed their commercial 
worth for lumber or other forest products, and current work is 
designed to help preserve these values and, specifically, to develop 
control methods adapted to the special needs of the National Park 
Service. 


B. CURRENTLY ACTIVE LINE PROJECTS 


c—-1-6-1—Methods for tree-disease control in national parks. To 
develop or adapt methods for controlling tree diseases that will pre- 
serve the natural forests or especially valuable historical trees and 
protect tree reproduction in camp grounds, recreational areas in 
national parks, and monuments. To advise officials of the National 
Park Service of the need for tree-disease control measures and keep 
a informed of new developments in the field. 

~1-6—-2—-Control of stem rot of saguaro. To determine the nature 
of stem rot of the giant saguaro cactus and develop methods to con- 
trol this disease, which is destroying many 200-year-old saguaros of 
scenic value, particularly those in the Saguaro National Monument 
in southern Arizona. 

-1-6-4—Beech scale nectria, means of spread and methods of con- 
trol. To evaluate the threat of the beech scale-nectria disease, par- 
ticularly in Acadia National Park, Mount Desert Island, Maine, and 
elsewhere in New England, to determine its means of spread, and to 
develop control methods. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The project was originated in 1925, when the National Park Service 
requested assistance in determining the cause of excessive mortality 
of trees at camp sites, recreational areas, and on other public-use areas 
in the national parks. As a result of this study, policies were formu- 
lated for the management of such areas to give maximum protection 
to the trees by setting up rules for the use of such areas without 
destroying their rect reational values. The project was then extended 
to a study of the causes and control measures for tree diseases in 
wilderness and other forested areas in the parks. During the past 
10 years the work was broadened to include special studies of the 
introduced beech scale-nectria disease on a national park in New 
England and the stem rot of the giant saguaro cactus on a national 
monument in Arizona. Special ‘studies have also been made for 
controlling dwarf mistletoe on ponderosa pine in the southwestern 
parks through sanitation measures. 
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D. FUNDS—ANNUAL EXPENDITURES 


About $10,000 was spent annually from 1926 until 1942, when an 
additional $10,000 was provided for an investigation of the stem rot of 
the giant saguaro cactus in Arizona. Expenditures were sharply cur- 
tailed in 1944 by a shift of emphasis to investigations more closely 
related to the war effort. In 1944 only $1,700 was spent on the project. 
From 1945 to 1950, allotments ranged from $9,800 to $16,060. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of acamp-ground policy in our national parks may 
be largely credited to early studies made under this project. The 
absence of system and regulation lead to the ruination of many camp 
sites. The development of rules by which essential camp facilities 
could be adapted to the natural vegetation has led to the protection 
and maintenance of new camp sites and the restoration of many dam- 
aged old camp grounds. 

Advising officials on the significance of tree diseases and possible 
means for their control.—Investigations have been made of numerous 
tree diseases in parks and recreational areas throughout the United 
States and advice given for the protection of the scenic beauty of these 
areas. These studies have included long-established diseases as well 
as threatening or introduced epidemic diseses. 


F. SOME ADDITIONAL WORK NEEDED 


Development of a control for stem rot of the giant saguaro cactus 
is needed to preserve the unique and scenic attraction of the southern 
Arizona desert. The nature of the disease needs to be more completely 
understood. Means are being sought to prevent the spread of the 
disease to healthy cacti and of inactivating the organism in diseased 
plants. 

Constant service is necessary to protect the native vegetation in the 
national parks, national monuments, and other areas managed by 
the National Park Service. Each year disease conditions occur that 
threaten trees in our numerous parks, and park officials request advice 
regarding their control. The need for control measures must be de- 
termined and the proper methods prescribed. 

The control of dwarf mistletoe is of great importance.—Cooperative 
field tests are now in progress in Colorado to determine whether pines 
can be protected from mistletoe by the establishment of a mistletoe- 
free protective zone. These tests should be continued. Cheaper meth- 
ods of destroying mistletoe by sprays need to be developed to replace 
the hand elimination method now used. 


Repwuction or Losses From Funeus DerertoratTIon oF TIMBER IN THE 
Woops AND ON THE Way To THE Miu 


(BPISAE—RM: a-47—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the rate of decay or discoloration by fungi for both 
standing and down trunks, and for logs, poles, pulpwood, etc., in tran- 
sit or storage, and (2) learn how long dead timber remains usable 
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and what handling or treating practices are warranted for keeping 
wood sound up to the time of manufacture or preservative treatment. 
The current emphasis is on timely utilization of timber that is over- 
mature or that has been killed by fire or insects, and on decreasing 
the deterioration or loss of pulpwood in river transport or while in 
storage. The work involves fundamental study of the factors that 
affect deterioration as well as tests of methods for decreasing it. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-+47-1—Deterioration of budworm-killed spruce and fir in 
the Northeast. To determine for killed spruce and balsam fir in the 
Northeast the length of time during which it can be expected to remain 
usable. 

RM: a-47-2—Deterioration of beetle-killed and fire-killed spruce 
timber in Colorado and Utah. ‘To determine the rate of development 
of stain and decay in the standing trees and in fallen trunks, and of 
the root rots that cause them to fall, as related to size and age of the 
trees and to elevation and other characteristics of the site. 

RM: a—47-3—Deterioration of fire-damaged timber in California. 
To aid foresters and timberland owners to determine what trees should 
be cut in salvage operations soon after a fire and how long utilization 
‘an be delayed without serious loss from decay in the killed trees. 

RM : a-47-4— Deterioration of logs and pulpwood in transit and 
storage. ‘To determine how long logs and pulpwood in the Northeast, 
Colorado, Utah, and California can be held in either dry or wet stor- 
age without important fungus damage, the effect of different amounts 
of decay on pulping value and sinkage of logs during water transport 
or storage, and the effect of different handling and treatment methods 
on the rate of decay. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The project was begun in 1947 to facilitate salvage of billions of 
feet of beetle-killed spruce in Colorado, large volumes of fir and spruce 
threatened by budworm in the Northeast, and national forest stands 
killed or damaged by fire in California. With the completion of the 
larger part of the field work on these three subprojects, attention is 
being shifted to the losses caused by decay in the fir and spruce in 
transit from the woods to the pulp mills, to deterioration of pulpwood 
and logs in storage, especially in the South, and to decay in California 
hardwoods that is partly responsible for the failure to market the 


timber. 


D. FUNDS—-ANNUAL EXPENDITURES 


The expenditures have approximated $40,000 per year for the 3 


) 


years of operation. The allocation for the fiscal year 1950 was $42,600. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Salvage period for budworm-killed timber in the Northeast—By 
utilizing sample plots made available by Canadian cooperators and 
their records as to how long trees had been dead, the needed field data 
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were obtained on nearly 2,000 trees in less than two field seasons. It 
was found that fir must be salv: aged in 2 or 3 years, and spruce within 
a somewhat longer period. Practical conclusions were made imme- 
diately available to interested agencies. Analysis of the data for 
scientific publication is being completed. 

Utilization of Colorado spruce facilitated.—Spruce in Utah killed 
25 years earlier and closely similar to the recent kill in Colorado was 
studied, with parallel moisture-content studies on the recently killed 
Colorado trees. It was found that the killed trees retain full value for 
pulpwood as long as the trunks remain standing and that most of the 
trees stand for 20 years or longer. This finding has made it possible 
for the Forest Service to stimulate the construction of the pulp mill 
in western Colorado that is required for the large salvage operation. 
Local studies in Colorado are providing a better basis for determining 
what stands should be logged first aa how long trunks remain eco- 
nomically usable for pulp ‘after they fall. 


F. SOME ADDITIONAL WORK NEEDED 


Hardwood pulpwood in storage-—The handling methods and the 
fungi that cause deter’ ioration are different from those encountered in 
the softwoods now under study and require separate attention. 
Hardwood logs and veneer bolts in transit and storage.—Some of 
the species, as yellow birch and sweetgum, that furnish high-grade 
lumber and veneer bolts, are decay-susceptible and are often mater ially 
damaged before manufacture. The increasing scarcity of high-quality 
logs and the opportunity afforded by new insecticidal and fungicidal 
chemicals that can be used in combination with moisture control dur- 
ing storage make increased attention both desirable and promising. 


CROSS REFERENCES-——-PRODUCTION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
BEPQ—c-f, Chapter 35, Dutch-elm disease. 
BEPQ—G-a, Chapter 35, gypsy moth inspection and certification. 


BEPQ—G-), Chapter 35, gypsy and brown-tail moths control. 
BEPQ—BLR-1, 2, and 3 Revised, Chapter 35, white pine blister rust control. 


B. UTILIZATION 
SEASONING oF Woop 
(FS—E-1-1—Federal—Regular Funds) 

A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and improve present wood-seasoning methods and 
processes for drying wood rapidly and cheaply with a minimum of 
waste due to stain, decay, warp, checking, and splitting. Current 
work, some of which is fundamental i in scope, is designed to (1) pro- 
vide information on improved methods of air drying ne reduce 
handling costs, and (2) revise kiln-drying schedules to increase the 
efficiency of dry-kiln equipment. 





Op 
Woe 
on 1 


out 
inf 


whi 
sche 
of t 


wid 
mil 
dus 
rat 


I 
clin 
wel 
tice 
im} 
con 
whi 
mel 
and 
tan 
han 
tur 
qui 
ical 
red 
nev 
kil 
dry 


g 
the 
192 
$50 
to 
mil 
pro 


if 
was 
tive 





FORESTS AND FOREST PRODUCTS 1627 


B. CURRENTLY ACTIVE LINE PROJECTS 


Seasoning publications. To (1) prepare a Dry Kiln 
Oieaiat rators’ Manual, (2) revise the general recommendations on hard- 
wood and softwood drying schedules, and (3) compile available data 
on the air seasoning of poles and timbers. 

K-1-1-2—Air seasoning of larch and lodgepole pine poles. Work 
out a reliable method for determining the moisture content of poles 
information needed by preservative- tre: iting plants. 

K-1-1-3 wood during drying. Study the stresses, 
which may cause ‘surface and internal splitting, to adjust kiln drying 
schedules for faster drying while keeping the stresses within the limits 
of the strength of the wood. 

E-1-1- asoning lumber in unit packages. Conduct a Nation- 
wide survey of unit ps ackage- handling practices in air drying to deter- 
mine what research is needed. Wood- producing and fabricating in- 
dustries are using lift and straddle trucks more and more. Drying 

rate and seasoning losses or degrade are involved. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research in the se: ee of wood was started in 1911. Influences of 
climatic conditions, yard lay-out, and the design of air-drying piles 
were studied and specific recommendations made to improve prac- 
tices. During World War I, studies of kiln design were begun to 
improve kiln- “drying results through increased air flow and “better 
control of drying conditions. This work resulted in public patents 
which still influence dry-kiln design. Also during this period recom- 


mended schedules for kiln drying green and partially dry hardwoods 
and softwoods were formulated for most of the commercially impor- 
tant woods. Later the problems associated with the storage and 
handling of dry wood were investigated. In the late 1920’s the mois- 
ture content of wood in use was determined to guide seasoning re- 
quirements. In the 1930’s considerable emphasis was placed on chem- 
ical seasoning, which involves chemical treatment of green wood to 
reduce surface checking in subsequent drying. The development of 
new concepts of kiln-drying schedule patterns as a means of making 
kiln drying more efficient during periods of scarcity of adequately 
dry wood prompts the present research on schedule modification. 


D. FUNDS—-ANNUAL EXPENDITURES 


Starting with an expenditure from regular funds of $6,300 in 1911, 
the amount spent each year was gradually increased to $46,000 in 
1920. From then until’ 1942 the annual expenditure was between 
$50,000 and $60,000. In 1942 the money spent on this work amounted 
to nearly $110,000, financed in most part by cooperative funds from 
military agencies. Since 1942 the yearly expenditures have been ap- 
proximately $ 75,000, including regular and cooperative funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Developed, designed, and patented the water-spray dry kiln.—This 
was the first lumber dry kiln that provided accurate control of rela- 
tive humidity. A large number were built during World War I to 

78552—51—-vol. 2-41 
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kiln dry green walnut for gunstocks and oak for vehicles. Pre- 
viously, many months of air drying had been required before hard- 
woods would be kiln dried. 

Formulated general design principles of forced-air-cireulation 
kilns.—Studies of the movement of air in lumber dry kilns as influ- 
enced by kiln load, building space, air travel, and methods of piling 
have shown how to design kilns for efficient operation and uniformity 
of dryness of kiln-dried stock. 

Developed, designed, and patented the internal-fan dry kiln—The 
invention of the internal-fan kiln by the Forest Products Laboratory 
significantly changed the methods of production of dry softwood 
lumber. Previous to this invention most softwoods were air dried. 
The forced-air-circulation kiln made it economically possible to kiln 
dry most softwoods green from the saw. A 1943 survey of dry kilns 
by the War Production Board showed some 5,000 forced-air-circula- 
tion kilns in use, designed in accordance with the principles of the 
patents. The estimated value (1949) of wood being dried in these 
kilns is $300,000,000 annually. The principles of this kiln design 
have had world-wide application. 

Developed, patented, and designed electrical moisture meters.—The 
difference in the electrical resistance of wood at various moisture con- 
tent values was used to develop meters that could be used to obtain 
instantaneous moisture-content readings. The present wide-scale use 
of electrical moisture meters by the lumber-producing and wood-using 
industries stems from this original work. 

Formulated the principles of lumber piling to reduce drying time 
and degrade during air drying—Studies on the air drying of wood 
were summarized and published in Technical Bulletin No. 174 in 1930. 
This publication has been widely used in the United States and foreign 
countries as a guide for air-drying practices. 

Devised safe schedules for kiln drying commercially important 
woods.—Studies of the kiln drying of the more eperee softwoods 
and hardwoods resulted in the establishment of schedules that have 
been used successfully by industry all over the world. The schedule rec- 
ommendations have been followed by all foreign forest products lab- 
oratories. The schedules were published in the Kiln Drying Hand- 
book, Department Bulletin No. 1136, published in 1923 and revised 
in 1927, which has been the basic reference and guidebook of kiln dry 
ing all over the world. a 

Developed principles of the stress schedule.—The temperatures and 
relative humidities that can safely be used in kiln-drying wood are 
dependent upon the stresses that develop in the wood as it dries and 
shrinks. The stresses must not exceed or impair the strength of the 
wood. The stress approach to the formulation of modified drying 
schedules is basically the foundation of a new pattern of kiln-drying 
schedules. 





F. SOME ADDITIONAL WORK NEEDED 


Improved kiln-drying schedules Expansion is needed of the cur- 
rent studies on the development of stresses in wood as it dries. The 
initial temperature and relative humidity that can be used on various 
species and thicknesses need to be better established. Basie research 
on strength of wood perpendicular to the grain as influenced by mois 


ture content, temperature, and duration of heating is essential if 
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RM initial drying conditions are to be better established. Accel- 

rated drying without increased losses due to checking, splitting, and 
warping can ‘best be accomplished by these fundamental studies. ‘The 
influence of drying conditions and their modification on bending 
strength of wood also needs to be better established so that wood used 
for aircraft, ladders, and other products where the inherent strength 
of wood must be maintained can be dried quickly without damage. 

Stain prevention in drying.—Color changes in wood as it “dries 
need to be studied more thoroughly to determine causes so that brown 
stain in some pines, pinking in hickory, darkening in birch, and 
sticker stain in maple can be better controlled. 

Suitability of special drying processes.—Increased cost of drying 
may, at times, be less important than saving in drying time in such 
products as dimension stock, gunstock blanks, shoe lasts, and shuttle 
blocks. Research is needed to determine the extent to which such 
products may safely be subjected to accelerated drying conditions by 
means of high-frequency dielectric heating, solvent seasoning, vapor 
drying, or other r apid heating processes. The influence of such ac- 
celerated heating on seasoning degrade, reduction in drying time, and 
the properties of the wood must be determined as a means of deter- 
mining the value of the processes. 

Seasoning characteristic guide.—Studies should be started that will 
enable isolation of certain properties or characterisics of wood par- 
ticularly those that indicate whether mild or severe kiln schedules can 
be used. Thus, kiln schedules for lesser used woods or foreign woods 
substituted for scarce native woods can be more quickly established. 


PROCESSING AND PERFORMANCE OF Woop AND Woop-Basrt MATERIALS 
(FS—E-1-2—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the influence of moisture changes and the design of 
wood structures on their performance so that shrinkage and swelling 
troubles can be avoided. Current research is concerned with: (1) 
Adaptability of wood floors to panel heating, (2) survey of present 
house construction practices, and (3) the applicability of new statis- 
tical methods to check adherence to moisture content standards during 
wood processing or fabrication. 


B. CURRENTLY ACTIVE LINE PROJECTS 


K-1-2-1—Adaptability of wood floors to panel heating. To study 
the behavior of hardwood flooring over radiant-heating elements, so 
that moisture content rec ommendations can be made which, if adhered 
to, will minimize difficulties arising from shrinkage or swelling. Cur- 
rently studies are being made on an oak strip floor laid on sleepers over 
a subfloor and joists, ‘with an electric heating coil installed between 
the subfloor and finished oak flooring. 

E-1-2-2—Moisture quality control in wood processing. To de- 
do improved moisture standards for wood being processed in fur- 
niture manufacture and check adherence through sampling and sta- 
tistical quality-control analysis. Studies are now being made to check 
the suitability of previous recommendations for the average moisture 
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content of wood at time of fabrication into furniture and establish 
desirable limits of uniformity of dryness of individual pieces. The 
suitability of electric moisture meters as a wood moisture inspection 
tool is also being investigated. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies of the moisture content of wood in use were started soon 
after 1911, to determine the extent to which it should be dried. In 
1929 an intensive study of the moisture content changes of wood in a 
number of selected occupied homes in six cities, typical of the dif- 
ferent climatic areas of the United States, was started. Later, the 
moisture content of framing and other construction lumber used in 
house construction was studied and the influence of initial changes and 
subsequent seasonal changes in moisture content on plaster cracking, 
distortion of door and window openings, pulling of fastenings, and 
other maintenance annoyances were noted. In 1928 studies were made 
of the moisture content of sawmill products shipped from western 
mills, to aid the industry in setting up moisture specifications. A few 
years later similar studies were mi 1ade at southern mills. The electric 
moisture meter was developed as a moisture inspection tool for check- 
ing adherence to moisture content specifications by both lumber pro- 
ducers and users. 

Investigations of the movement of moisture vapor through walls 
were started in 1935 and the present concepts of condensation control 
through the proper placement of moisture-vapor barriers was de- 
veloped through the intervening years. Currently a survey of the 
behavior of materials and the prevalence of faulty house construction 
practices is being made. The extent to which present knowledge is 
being effectively used to increase serviceability and livability with 
reduced maintenance is being appraised. 


D. FUNDS--ANNUAL EXPENDITURES 


In 1934 the sum spent on this work was about $8,500, all from 
regular funds. Prior to that time the average yearly expenditures 
were considerably less. In 1936 the work was : expanded and in 1937 
and 1938 the average expenditure was about $45,000, of which part 
was provided by cooperative funds. The expenditures decreased from 
that time and, during World: War IT, amounted to only about $1,000 
yearly (regular funds). In 1946 the work was reinstated, and in 
1947 the expenditure was $54,000, mostly cooperative funds. Since 
then the yearly expenditures have greatly decreased, and in fiscal 
year 1950 the expenditure, including. regular and cooperative funds, 
was about $18,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determined the causes of moisture condensation in house and farm 
buildings and methods of avoiding it—Determined that the accumu- 
lation of moisture in damaging amounts in walls of houses comes 
mainly from the condensation of moisture vapor from inside the 
house. Methods were then worked out for installing moisture vapor 
barriers to control condensation in walls, thereby preventing decay 
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and extensive paint failures and damaged plaster and decorations, and 
reducing maintenance expense. As a part of this work, methods 
were developed for testing the vapor transmission rates of building 
materials used for vapor barriers. Numerous articles have been pub- 
lished on the subject, and architects, engineers, manufacturers of ma- 
terials, and builders of modern well-insulated and air-conditioned 
homes and buildings are constantly being supplied with detailed in- 
formation. The most recent report on ‘this work was published in 
1949 as a Government booklet on Condensation Control in Dwelling 
Construction. 

Determined the average moisture content to which wood should 
be dried for use in dwellings in different parts of the country.—The 
research showed the relation between the moisture content of interior 
woodwork and the climatic conditions in different parts of the United 
States. During the winter it is influenced by the outdoor tempera- 
ture, whereas during the summer outdoor relative humidity is the 
governing factor. The results were first published in 1932 in Circular 
No. 239, Moisture Content of W ood in Dwellings, which recommended 
that the average moisture content of the wood at time of installa- 
tion be about midway between seasonal extremes for the wood in 
houses of that region. This has proved satisfactory, and the method 
has been used to set moisture standards for many other uses of wood. 


F. SOME ADDITIONAL WORK NEEDED 


Improve d moisture control standards for specific uses.—Informa 
tion is needed on the degree of uniformity in dryness of rough sawn 
products for such specific uses as flooring, interior trim, case goods, 
and house framing. Recommendations for the average bala con- 
tent best suited for subsequent use conditions are fairly well known, 
but the degree of uniformity of dryness associated with the average 
that will be practical to attain and will maintain satisfactory per- 
formance has not been sufficiently established. 

Deve lopment of improved and automatic moisture-testing ¢ equip- 
ment.—The basic electrical properties of wood should be determined 
with the idea that improved electrical moisture meters can be devel- 
oped. Better instruments are needed for testing the moisture content 
of hardwood below 7 percent. In addition, equipment needs to be 
devised that will automatically sample, test, and record moisture- 
content data where moisture-content control of wood being processed 
is attempted. 

Controlled ventilation of small, tight dwellings.—Studies are needed 
to develop better ways and means of reducing the relative humidity 
in modern small, tight dwellings so as to avoid the accumulation of 
moisture in walls. Although proper placement of good vapor barr iers 
is beneficial in reducing moisture condensation in walls, the increased 
use of dish washers, automatic clothes driers, and other appliances 
that liberate considerable quantities of moisture requires specific 
action to remove this moisture before it causes damage. Vapor vents 
and controlled ventilation are worthy of investigation. 

Control of wind-driven water into walls through siding—The fac- 
tors that influence the amount of water driven through siding during 
storms need to be determined before practical remedies for the paint 
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blistering and discoloration that results from this cause can be de- 
veloped. Prevention of this damage is tied up with species, grain 
direction, type of siding, width of siding, and methods of nailing. 

Moisture accumulation in walls as atfected by highly vapor-resistani 
wall coverings.—When older dwellings are inlated and dressed up 
with the outer, vapor-resistant coverings, the value of the insulation 
may be lost because of moisture accumulation, and the hazards of 
rapid deterioration due to decay may be materially increased. Reme- 
lial measures need to be developed. 


GLues, GLUING, AND VENEER MANUFACTURE 
(fF S—bL-1-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) promote closer utilization of wood and the improvement of 
wood products by developing techniques for producing consistently 
strong and durable glue joints in wood and wood-base products; (2) 
establish the limitations and field of usefulness of the different types 
of glues; (3) improve the techniques of cutting and drying veneer; 
and (4) broaden the base of supplies for veneer and plywood by de- 
vising veneer-cutting and plywood-making methods for species now 
used but little. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-3-1—Properties and use characteristics of glues. To develop 
accurate information on the properties and use characteristics of glues 
by devising methods for evaluating quality of glue joints and by im- 
proving the methods of gluing wood to other materials. 

k-1-3-2—Plywood manufacturing, laminating, and assembly glu- 
ing. To (1) develop good gluing techniques and principles of con- 
struction for plywood, laminated products, pe assemblies, and 
sandwich panels, and develop performance standards for glued wood 
products and (2) demonstrate the usefulness of little-used species in 
plywood and to improve the surface characteristics of low-quality 
veneer by surfacing with paper laminates, plastics, and related mate- 
rials, 

E-1-3-3—Veneer manufacture. To (1) improve the quality and 
yield of rotary-cut veneer through investigations of log conditioning, 
lathe adjustments, clipping, and drying and conditioning methods 
and (2) encourage the use of species and grades of logs not now 
extensively used. 

E-1-3-4—-Gluing properties of different species of untreated wood 
and of treated and modified wood. To develop reliable methods of 
gluing the different species of wood and wood impregnated with 
preserving or fire-retarding chemicals, resins, and other materials, 
and wood otherwise processed to obtain improved properties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The study of glues and gluing began early in 1917 when the Air 
Corps requested the Forest Products Laboratory to investigate prob- 
lems connected with the production of glued laminated wood pro- 
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pellers and plywood for aircraft. The work expanded rapidly, with 
emphasis on the development of glues of improved water resistance 
and techniques that could be relied wpon to produce cong ssk: good 
joints for service conditions. After World War I, emphasis was 
shifted to the peacetime problems of woodworkers, ee ially to stud- 
ies of gluing techniques and the gluing characteristics of different 
species. These studies were continued on a reduced scale. About 
1932, synthetic-resin glues for woodworking appeared in the market 
and investigations were begun on the technique of handling these 
glues and on the durability of the joints produced with them. In 
1941 military needs again required expansion of the study of glues 
and gluing. Several specifications and manuals were prepared, and 
the problems involved in producing large quantities of unusual items 
were pursued vigorously. About 1945 work was begun on sandwich- 
type construction (panels fabricated by gluing a thick, lightweight 
core material between two thin stiff fac ings). Since 1946 the studies 
of glues and gluing have again been going through a stabilizing 
process, studies pertinent to peace production are being continued, 
and the information collected is being assembled and produced in 
forms more generally useful to industry. Studies on veneer cutting 
were begun about 1940. Only limited experimental work was done, 
however, before military demands required that the equipment be used 
for production of, veneer for use in other studies more immediately ap- 
plicable to war requirements. In 1946 the systematic study of veneer 
cutting was resumed. The principles of veneer drying have since 
been investigated. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The funds spent annually on the studies of glues, gluing, glued wood 
products, and veneer manufacture have varied widely with the de- 
gree of interest shown by the military services, and to some extent by 
commercial developments in the field of adhesives. During World 
War I, annual expenditures rose rapidly to a maximum ‘of some 
$85,000, supported almost entirely from cooperative funds; dropped 
gradually thereafter to a minimum of about $4,000 in fiscal year 1929; 
and again increased slowly to about $19,000 in 1940, with about one- 
fourth from cooperative funds. During World War IT the maximum 
annual rate approached eee of which about two-thirds were 
cooperative funds; and in fiscal year 1950 the annual rate had de- 
creased to about $1! 50,000 with about one-fourth from regular funds 
und three-fourths from cooperative funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of improved glues.—Fundamental chemistry of casein 
glue was developed, together with formulas for improved casein 
glues that were patented and found wide use in industry. The for- 
mulation of a water-resistant, dry-film blood glue developed a prin- 
ciple that is now used commere ially ina dry- film resin glue. Methods 
of increasing the mold resistance of casein and soybean glues were 
developed, and industry now supplies mold-resistant casein glue as a 
readily available item. 
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Development of weatherproof plywood—Fundamental causes of 
the deterioration of glue joints were determined. High resistance of 
phenol, melamine, and resorcinol glues to severe service conditions, 
was demonstrated by laboratory and weathering tests. Accelerated 
methods of testing durability were devised and correlated with results 
of long exposure tests. The results are reflected in the requirements 
established by various standards and specifications and in the con- 
sumer confidence in the serviceableness of plywood for such purposes 
as housing, boats, railway cars, trucks, and aircraft construction. 

Standards and specifications.—As laboratory investigations have 
disclosed possibilities of improvements in glues and clued products, 
the results have been used in the preparation of standards and specifi- 

cations both by Government agencies and industry. The results of 
perersacrtiree studies on glues and gluing are directly reflected in the 
following: 





Commercial standard % CS 45-48 Douglas-fir plywood. 
Do ia _...... CS 35-49 hardwood plywood. 
Federal specific ation__ _._... C-G—451 animal glue. 
Do els <0 _ C-G-456 casein glue. 
Do ee _... C—G-496 urea-resin glue. 
Military specification _. AN-P-69a aircraft flat plywood. 
Do cece ka __... AN-P—48 aircraft molded plywood. 
Do pie Saad __... JAN—P-139 container plywood. 
Do iccicipee Seis _._.. JAN-A-397  room-temperature-setting resin 
glue. 
Do ie _.... AF-14122 mold-resistant casein glue. 
Do Pate ey 7 MIL—A-553 high-temperature-setting resin 


glue. 
The original drafts of some of these were prepared at the Forest Prod- 
ucts Laboratory, and the laboratory’s findings were freely used in the 
preparation of all of them. 

Dissemination of information on gluing technique.—The results of 
studies on gluing technique that were conducted during and imme- 
diately following World War I were published in United States 
Department of Agriculture Bulletin 1500, The Gluing of Wood, in 
trade periodicals, and in numerous technical reports that have helped 
industry to overcome difficulties and improve the performance of their 
glued products. The results have also been applied to special problems 
and requirements and appear in parts of manuals and handbooks such 
as ANC-19, Wood Aircraft Inspection and Fabrication; Wood: A 
Manual for Its Use in Wooden Vessels, and Manual on Wood Con- 
struction for Prefabricated Houses. 

Development of a new laminating industry.—Fundamental princi- 
ples of gluing developed in the studies of gluing techniques were ap- 
plied to the “production of glued laminated items of wood such as 

rafters and other structural units, boat frames, bowling pins, farm 
implements, and vehicle parts. During World War I, laminating was 
extensively used in the production of ship timbers and truck ‘body 
frames in order to better utilize scarce materials and to speed up pro- 
duction. The American Bowling Congress in 1948 officially authorized 
the use of laminated pins, a product developed by the laboratory some 
20 years before, thereby reducing the waste inherent in the produc- 
tion of solid pins and conserving the supply of high-grade maple. 
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The experimental work preceded commercial application by several 
years, but the information was available when scarcities forced the 
change on industry. Similarly, when the glued laminated wood arches 
first found use in building construction, basic information on gluing 
technique was available. . 
Veneer industry.—Investigations have been made on the cutting 
characteristics of some 30 species, of which about half are not yet used 
for veneer. It was demonstrated in 1948 that southern water oak can 
be cut commercially into satisfactory veneer. In 1940 veneer-cutting 
studies showed how western hemlock and white fir, then little used for 
veneers, could be cut successfully. These species are now included in 
Commercial Standard CS 122-49, western softwood plywood. Tests 
have shown that tanoak, the bark of which is often used in tanning 
while the logs are wasted, makes satisfactory veneer. Tests have like- 
wise demonstrated that red alder, chinquapin, laurel, and madrone 
are potential sources of good veneer, indicating a method of effectively 
utilizing these species by west-coast furniture manufacturers, who lack 
locally grown hardwoods. 


F. SOME ADDITIONAL WORK NEEDED 


De velop further information on causes and preve ntion of w arping 
of plyw ood. hollow-c Ore, and sand wie h C onstr UC tion. VY ar ping Is one 
of the most common causes of unsatisfactory service of plywood con- 
structions, such as flush doors, table tops, and similar items of daily 
use. A more thorough understanding of the basic causes is needed to 
develop methods of preventing or reducing such costly warping. 


Develop more rapid, reliable, and convenient methods of ¢ valuating 
the quality of glue joints.— Although methods have been devised for 
testing the quality of glue joints, no completely reliable means exists 
for determining their long-time behavior exc ept by exposing samples 
for long per iods of time and destructively testing them at intervals in 
order to trace the deterioration of the joint. Improved test methods 
would contribute to the development of improved adhesives and reduce 
the time required to establish the limitations of new glues. More con- 
venient test methods would permit closer control of production. 

Ww ork with industry to de ve lop and é valuate improved adhe giv es— 
As new adhesives are developed, it is important that they be thorough- 
ly evaluated before getting into extensive use. By closer cooperation 
with the adhesives industry, preliminary evaluations could be made 
promptly and objectionable properties could be eliminated before 
undue waste of production items occurred. 

Develop techniques for producing reliable glue joints in wood and 
veneer that have been treated with preserving or fire-retarding chemi- 
cals —Gluing comparatively thin females that has been treated with 
chemicals offers a method of producing heavy members that are 
thoroughly treated and well-seasoned. Current information on the 
gluing “of treated wood is inadequate, and further investigation is 
needed before reliable information can be made available. 

Expand both the veneer-cutting and gluing studies to include addi- 
tional little-used domestic species and foreign species now being im- 
ported.—The description of the gluing characteristics of some 41 spe- 
cies listed in United States Department of Agriculture Bulletin 1500 
has served admirably as far as animal, casein, and starch glues are 
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concerned. The information needs to be broadened to include the resin 
glues, little-used domestic woods, and those foreign species now com- 
monly used in our furniture industry. Increasing scarcity of peeler 
logs will gradually force the plywood industry into the use of all avail- 
able species with suitable characteristics. Information on veneer- 
cutting characteristics of both the little-used domestic species and the 
available foreign species is needed to assist industry in the search for 
additional sources of supply. 

Develop objective methods of evaluating veneer—Veneer is now 
described as “open” or “tight,” “smooth” or “rough,” and the evalua- 
tion is entirely subjective with no generally accepted, describable 
standards. Development of objective methods of evaluation would 
promote standardization within the industry with its accompanying 
increase in understanding between producer and consumer and would 
facilitate exchange of information on the technique cf cutting. 

Investigate the fundamentals of veneer drying to eliminate defects 
that develop during the drying operation—While much information 
is available on drying of lumber, only limited investigations have 
been made on the fundamentals of drying veneer. It appears prob- 
able that some of the limitations that must be considered in the 
drying of lumber do not apply to the drying of veneer. Conse 
quently, a detailed study of the drying of veneer offers promise of 
improvements in the current practices. 

Develop improved methods of utilizing the lower grades of veneei 
and lumber by the use of inexpensive overlays—In most veneer- 
cutting operations the supply of first-grade stock developed is insuffi- 
cient to meet demands, while a surplus of low-grade material 
accumulates with no profitable outlets. If methods of effectively and 
profitably utilizing the lower-grade veneer could be developed, veneer- 
cutting operations generally would be in better balance. Covering the 
surface of lower grades of veneer and plywood with an inexpensive 
sheet that will mask defects and secede a smooth paintable surface 
offers a method of using surplus veneers of low grade. The same 
possibilities exist in the utilization of low-grade lumber. 


Woop FInisHing 
(FS—E-1-4—F ederal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) improve performance or lower the maintenance cost of 
painted wood and wood products in buildings or in other uses; (2) 
minimize the numerous difficulties and wastes in painting and finish- 
ing; and (3) establish a more scientific basis for recommending paint- 
ing and finishing practices. Early failure of paints and finishes on 
wood causes dissatisfaction and is costly to repair. It is possible 
through improving paints and painting practices to increase durability 
and consumer satisfaction and lower maintenance costs. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-4-1—Painting and finishing wood and wood products. To 
develop better, more reliable, and more economical maintenance of 
exterior paints on houses and other buildings made of wood. Em- 
phasis is on better understanding and wiser use of available finishing 
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materials. New materials or formulations are investigated when need 
for them is shown by inadequacies in existing materials. 


C. HISTORY AND EVOLUTION OF THIS WORK 


During World War I, studies were made of coatings of all kinds 
for retarding changes in moisture content of wood, because the 
Armed Forces needed the best possible protection of wood in oversea 
shipments. Such studies were continued as needed in subsequent years 
but are relatively inactive at present. During World War II water- 
repellent preservatives for wood, which combine decay resistance with 
protection against moisture changes, were studied for the armed serv- 
ices. In 1922, at the request of a number of woodworking industries, 
presented through the Engineering Foundation, much broader studies 
of the painting and finishing of wood were undertaken. Surveys 
showed that the subject of exterior painting of houses exhibited great- 
est need for research because of the large values involved, the wide- 
spread occurrence of difficulties and losses, and the lack of reliable 
technical guidance for paint users. House painting, therefore, has 
been the chief subject of study since 1922. From time to time less 
extensive work has been done in connection with other wood uses 
such as furniture, wood floors, and interior woodwork. During 
World War II the finishing of wood aircraft was investigated, but 
that work has since been discontinued. 


D. FUNDS——-ANNUAL EXPENDITURES 


Annual expenditures increased slowly from about $7,000, at the 
beginning of the project in 1922, to $15,000 in 1934, all from regular 
funds. From 1935 to 1945, total yearly expenditures, including reg- 
ular funds and cooperative funds, ranged from about $18,000 to 
$30,000 and to about $50,000 in 1946. Expenditures have since de- 
creased to $33,500 in 1950, almost entirely from regular funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Classification of native woods for paintability.—Uncertainties about 
which kinds of woods are best for painting have been cleared away 
as a result of tests at a dozen testing stations in different parts of the 
United States. A classification of different species of wood for paint- 
ing was published and has been accepted generally. The inherent 
properties of wood that determine paint: ability were made clear, so 
that the paintability of hitherto untested woods can now be predicted 
from their physical properties. 

Special primers for the more difficult woods.—In cooperation with 
other workers, it was shown that on the stronger, denser, and more 
abundant softwoods, which have a low classification for paintability, 
paint coatings last longer if the wood is coated with aluminum house 
paint before ordinary paints are used. There has since been wide 
acceptance of this practice. 

T'wo-coat painting systems.—The former belief that at least three 
coats are necessary in painting new construction came chiefly from 
the mistaken theory that good adhesion of paints depends on deep 
penetration of the priming paint into the wood. Scientific study of the 
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adhesion of glue and of paint to wood showed that excessive penetra- 
tion is merely wasteful and does not improve adhesion. It then be- 
came possible to develop “controlled-penetration” primers with which 
fully adequate painting of new construction can be done with two 
coats instead of the former minimum of three. The general adoption 
of two-coat systems has meant large savings in “labor costs for 
painting. 

Technique of testing paints for durability —Supplementary to the 
major objects of the work, significant contributions were made to 
testing methods. ‘They include ‘design and construction of test fences, 
selection of suitable Woods and panels, controlling and recording 
spreading rates and thickness of coatings tested, ‘the principle of 
“matched test areas” to reduce the number of replications needed, and 
methods of evaluating the observed performance of coatings. 

Moisture resistance of coatings —A unique method of determining 
the moisture-excluding effectiveness of coatings on wood was ,de- 
veloped, by which all common and many experimental finishes were 
evaluated. The results have been widely published and released in 
condensed form as Department of Agriculture Circular No. 128. 

Technique of examining paint complaints—A major accomplish- 
ment is the systematizing and development of methods of examining 
paint failures on houses about which complaint has been made, not 
only to give the house owner advice for correcting the situation but 
to use the knowledge so gained to extend greatly ‘the understanding 
of paint and paint maintenance derived from test-fence studies. The 
paint industry has made wide use of the methods developed. 

Paint failure s caused by excessive moisture-—Much has been dem- 
onstrated about the behavior of different kinds and combinations of 
paints when the wood underneath becomes wet. Techniques to bring 
about such paint failures under reproducible conditions for study have 
been devised. Because of the widespread difficulties of this kind with 
paint, these studies have been of much importance. 

Classification of paints by kind.—The paint industry has no recog- 
nized standards for kind and grade of paint, yet, house and barn paints 
are made in many kinds and “grades that differ significantly in prop- 
erities and in best methods of application and use. A practicable 
method of classification of house and barn paints has been devised and 
published, A few paint manufacturers since 1949 have printed the 
classification on the labels of their trade-brand paints. The organized 
industry, however, vigorously opposes the proposed system. Discus- 
sions with the organized industry continue, and it is reasonable to 
hope that an acceptable basis of agreement can be reached. 


F, SOME ADDITIONAL WORK NEEDED 


Achievement of some generally accepted standards for house and 
barn paints is essential if painting is to be placed on a sound engineer- 
ing basis that will minimize the “present uncertainties, bad practices, 
unsatisfactory experiences, and losses that are so widely encountered. 
In developing such standards with the paint industry, additional 

research may well be needed to bring about agreement on a system 
acceptable to all interests. 

Evaluation of paints of different formulations.—Differences of opin- 
jon exist among technologists about certain changes in paint formula- 
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tions that came into wide use during the wartime emergency in 1943. 
Further work in which the users’ point of view and costs to the user 
are properly considered is needed. 

Research is needed on economical methods of getting good paint 
performance on woods difficult to paint by reason of low grade or other 
inherent properties. Modification of such woods by mechanical or 
chemical treatment of the surfaces or by covering them with such 
materials as resin-impregnated paper or resin-bonded wood waste 
offers prospect of important economic advantages. 

Chemistry of the aging of paints —An increasing number of cases 
have been observed on houses in which paint undergoes disruptive 
oxidation of the drying oil to produce water-soluble, gummy products, 
such as zinc azelate, with consequent rapid deterioration of the paint. 
This seems to be a gross accelaration of normal processes of paint areas 
and probably offers a good opening for studying the basic chemistry 
of the aging of paint. It would be highly desirable to explore such 
approach carefully with the belief that it offers a clue to a more com- 
plete understanding of paint behavior that would facilitate further 
practical improvements. 


Prorecrion or Woop From Fire 
(fF S—E-1-—5—F ederal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) find ways and means of giving to wood, wood products, and 
wood structures greater safety from fire at reasonable cost; and (2) 


reduce the annual loss of life and property. Current work is par- 
ticularly concerned with the use of coatings and treatments that will 
give to wood and wood-base materials better resistance to fire in 
homes, industrial buildings, and other structures. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1—5-1—Invcreasing the fire safety of wood, wood products, and 
wood structures. To improve the flame spread and fire resistance of 
fiber boards, lumber, plywood, and wood-paper laminates, now ex- 
tensively used in building construction, 


C. HISTORY AND EVOLUTION OF THIS WORK 


‘Studies to make wood more fire resistant were initiated about 1915 
but were discontinued during World War I and for some years there- 
after. Results of this early work were published in 1915. In 1927 
the work was revived and has continued to date. Early studies dealt 
with the ignition temperatures of different species of wood and with 
impregnation of wood with fire-retardant chemicals. Lack of any 
standard or generally accepted test methods led to work on the de- 
velopment of methods of evaluating fire resistance and to a study of 
the kinds and amounts of chemicals required to obtain acceptable 
results. The need for making wood already in use more fire-safe led 
to development of fire-retardant coatings for brush or spray appliea- 
tion, and evaluation of their effectiveness. Modern building require- 
ments and codes have led to studies and developments in the details 
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of construction of walls, doors, floors, and other elements to obtain 
better fire resistance. 


D, FUNDS—-ANNUAL EXPENDITURES 





Exact expenditures are not available for the early years of the 
project but it is estimated that for the period 1913-16 the annual 
expenditures ranged from $5,000 to $7,000. For 8 years following 
the reestablishment of the project in 1927, they varied from some 
$12,000 to $18,000, almost entirely regular funds. Since about 1935, 
regular funds have been supplemented by cooperative funds. Peak 
expenditures totaled about $50,000 in 1936 and 1937. Since 1941, 
expenditures have ranged from about $20,000 to $33,000. Im fiscal 
year 1950 expenditures from all funds were slightly over $33,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Test methods for evaluating the combustible properties of wood 
and wood products.—Several fire-test methods have been developed 
that have found wide acceptance among research workers and fire- 
testing agencies and for plant control. Two such methods are the 
fee-tubs method, now an American Society for Testing Materials 
standard method (E69-47) and an inclined-panel flame-spread method 
(Commercial Standard CS42-49), for testing fiber insulation board. 
Both of these methods have proved useful tools in the development of 
fire-retarding treatments for wood and wood products. 

Survey of field of fire-retardant chemicals.—By means of the fire- 
tube method, an evaluation was made of the fire-retarding effective- 
ness of more than 150 chemicals or combinations of chemicals that 
had been impregnated into wood. The results of these tests served 
as a basis for the subsequent development of impregnation and coating 
formulations by the laboratory and other investigators. 

Development of fire-retarding treating formulations.—Several fire- 
retarding chemical formulas were developed, one of which was used 
extensively during World War II for fireproofing a substantial part 
of the more than 100,000,000 board feet of lumber used in the con- 
struction of Navy blimp hangars and other structures. 

Development of fire-retarding coatings—Coating formulations 
either patented or otherwise published have served as the basis for 
several paints that have received favorable recognition by fire-pro- 
tection agencies. 

Improvement in flame-resistant characteristics of fiber insulation 
boards.—Insulating board is used extensively in building construc- 
tion, but a principal objection to it has been its combustibility. In 
cooperative studies with the industry, it has been shown that material 
improvement in resistance to flame spread can be had through the use 
of fire-retarding coatings, and boards with a fire-retardant surface 
finish are now being manufactured. 

Determination of ignition temperatures of wood—Studies were 
made of several species of wood in which the species and conditions 
of exposure were shown to be of significance in establishing the tem- 
perature at which ignition occurs. The effect of several chemical 
treatments of wood on ignition temperatures was also determined. 

Determination of properties of fire-retardant treated wood.—Such 
properties as corrosive action, effect on glued joints, and moisture 
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pick-up characteristics of treated wood have been reported. The 
results have served as a basis for specifying fire-retardant treated 
wood and its selection for specific uses. 

Improvement in fire resistance of doors and wall constructions.— 
Through tests made on doors, walls, and floors, cooperators have been 
shown how to improve the fire resistance of their products by making 
various structural and other changes. 

Use of chemicals in forest-fire control.—Studies made to determine 
the effectiveness of solutions of fire-retarding chemicals in extinguish- 
ing fires on various types of forest fuels showed that several chemicals 
could increase materially the fire-extinguishing capacity of water. 
These studies helped to establish facts regarding the potentialities and 
limitations of chemical solutions as an aid in forest-fire control. 


F. SOME ADDITIONAL WORK NEEDED 


Additional studies are required to further the progress already made. 
Foremost among these needs are: 

The development of test procedures that will classify interior finish 
materials accurately and realistically with respect to fire safety. 
Building code authorities, housing interests, and technical societies 
are currently seeking to classify wood, plywood, and structural fiber- 
boards more accurately for building construction with respect to their 
fire-spread or fire-retardant properties. There are as yet, however, 
no generally accepted standard methods and procedures for making 
such classifications. Laboratory methods, thus far developed, need to 
be coordinated and their value realistically determined under fire con- 
ditions to provide standard procedures for the evaluation of interior 
finish materials. 

Improvement in fire-retardant treatments with special emphasis on 
treatments that will withstand moisture.—Present fire-retardant coat- 
ings are not water-resistant and durable under exterior exposure. 
They are of value principally for interior use. Durable, weather-re- 
sistant coatings and treatments that protect buildings and other struc- 
tures from fire originating from outside sources are needed and, if 
available, would have extensive application. 

Development of still greater flame-resisting properties in fiber in- 
sulation boards, plywood, and other wood sheet materials.—Develop- 
ments already attained in making fiberboards, plywood, and other 
wood sheet materials flame-resistant indicate that significantly higher 
fire resistance can be had in this class of materials through further 
research in coating materials and methods of applying them. New 
developments in materials and processes for flameproofing fabrics offer 
potentially promising leads for new applications to wood-base 
materials. 

Further improvement of the fire performance of wood structural 
members through improved details of construction and treatments. 
Much of the poor fire performance of wood structures in the past has 
resulted from a lack of knowledge of the effect of construction de- 
tails on fire resistance. Further systematic study of details of con- 
struction, combined with a proper use of fire-retardant treated and 
coated wood, should result in improved fire resistance for walls, floors, 
doors, and other structural elements. 
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Develop more fundamental information on fire spread over wood 
and wood-base materials and the basic elements of fire control and re- 
tardation. Past accomplishments in the fireproofing of wood have 
resulted largely from empirical methods. More fundamental inves- 
tigations of ignition, combustion, and spread of fire over wood sur- 
faces, and of chemical and physical actions by which fire-retardant 
chemicals and coatings develop their effectiveness, will provide new 
bases for further processes and methods. 


Woop PRESERVATION AND Heat STupies 
(FS—E-1-6—Federal—Regular Funds) 
\. PURPOSE AND NATURE OF CURRENT WORK 


To prolong the life and increase the serviceability of wood and 
wood products by increasing their resistance to wood-destroying or- 

ganisms through preservative treatment. This involves the develop- 
ment or improvement of treating methods and evaluation of materials 
to obtain lower costs, increase reliability and effectiveness, and to 
broaden their field of usefulness. This brings substantial benefits to 
the wood user and reduces the drain on the timber supply resulting 
from premature failure of wood in service. 


B. CURRENTLY ACTIVE LINE PROJECTS 


K-1-6-1—Improving preservative treating methods. To find ways 
of (1) getting better and more reliable impregnation of preserv: atives 
into woods that are resistant to penetration; and (2) getting good 
treatment with simpler and cheaper equipment. 

E-1-6-2—Service records. To learn the effectiveness of various 
preservatives and treating processes and the comparative decay re- 
sistance of different species of wood by accumulating and analyzing 
records on the life of treated and untreated posts, poles, ties, stakes, 
and other products in tests or in actual service. 

E-1-6—-3— Effects of heat on wood properties. To determine (1) the 
rate of heating of wood; and (2) the effect of different temperatures, 
heating periods, and heating mediums on the strength and other 
properties of wood during preservative treatment or related heat proe- 
essing or exposure. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies of wood preservatives and wood-preserving processes were 
begun by the Forest Service shortly after 1900 and have been con- 
tinued ac tively by the Forest Products Laboratory since its establish- 
ment in 1910. It was apparent even at that early date that the supplies 
cf naturally durable woods would soon be inadequate to meet the 

rapidly growing demand for fence posts, railway ties, mine timbers, 

poles, piles, and other forms of timber exposed to destruction by 
fungi, insects, and marine borers. The only recourse was to find ways 
to extend the life of nondurable woods. 

The early work was confined to studying the usefulness of simple 
methods of treatment with creosote and zinc chloride and demonstrat- 
ing their practicability and efficiency to farmers and industrial users. 
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Subsequently, basic studies were undertaken to determine the resist- 
ance of different species to impregnation and to study the effects of 
different steps in the conditioning and impregnating processes, with 
a view to devising successful methods of treating resistant species with- 
out damaging them. These studies continue. The field testing of 
preservatives and observations of results in actual service has also been 
continued as new preservatives and new processes are developed. 


D. FUNDS—-ANNUAL EXPENDITURES 


Prior to 1910 no records are available on expenditures. From 1910 
through 1934, annual expenditures ranged from about $10,000 to 
$20,000, mostly from regular funds and ‘with somewhat reduced ex- 
penditures during the W Forld War I period. From 1935 to 1940, total 
yearly expenditures ranged from about $24,000 to $37,000 during which 
the regular funds were increased by cooperative funds of from $2,000 
to $15,000 yearly. During World War IT, annual expenditures 
dropped to about $15,000 to $19,000. Postwar annual expenditures 
have averaged about $30,000 of regular funds, with additional coopera- 
tive funds of varying amounts. In 1950 total ex xpenditures were about 
$48,000, of which somewhat more than half were cooperative funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Incre asing the average life of railway ties.—The studies made unde 
this project through the years have had a profound and beneficia) 
effect on the technology of wood preservation in the United States 


and in other countries. They have assisted materially in prolonging 
the average life of railway ties from 5 or 6 years to the present 20 to 30 
years, thereby reducing the number of new ties required per mile of 
track per year from a national 5-year average of over 250 in 1915 to 
less than half that at present. Some r: tilroads have been able to keep 
their average renewals below 100 ties per mile per year for many 
years. 


Securing acceptance of resistant national forest timber.—E ngel- 
mann spruce is one of the important woods on the national forests in 
the Rocky Mountain region, and considerable quantities were being 
sold by the Forest Service to certain railroads in that region for ties 
during 1925 to 1928. One important railroad about 1928 announced 
that it had planned to discontinue buying Engelmann spruce for ties 
because of its high resistance to penetration by preservatives. The 
ties were also bs idly injured by the treating methods used. The Forest 
Products Laboratory, through the application of basic knowledge in 
demonstrations at the treating plant of the railroad company, showed 
how to get acceptable penetrations at reasonable cost. This removed 
the objections of the company, and it continued to purchase and use 
this species. 

Reducing damage to timber during treatment.—The basic studies 
of the relative importance of the different steps in the treating process 
upon results obtained showed that high preservative pressure was less 
effective than high preservative temperature in getting good penetra- 
tion and that a combination of high temperature and high pressure 
could cause serious damage and loss of strength in unseasoned or re- 
sistant woods. On the other hand, high preservative temperature in 
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combination with low to moderate pressures could give excellent pene- 
trations without damage to the wood. This knowledge has enabled 
treating plants to prevent or greatly reduce losses or serious injury to 
poles, piles, and other timbers. A manual on the preservative treat- 
ment of wood by pressure processes was published and has served as a 
guide for the wood-preserving industry. 

Investigations of mine timber treatment showed that both coal-tar 
creosote and zine chloride solution could withstand the severe condi- 
tions existing in mines, and that treated mine timbers last from 5 to 
10 times as long as untreated. This study has resulted in an increasing 
use of treated timber in mining operations. 

Development of economical fence post treatment.—Extensive ex- 
periments in the treatment of fence posts by open-tank methods have 
provided information that is widely used by farmers and others in 
treating fence posts. Small commercial open-tank plants also apply 
this information in their plant operation. The laboratory demon- 
strated the effectiveness of open-tank treatment for posts by installing 
groups of experimental posts in different parts of the country and ob- 
taining service records. 

Improvement of specifications for pressure treatment.—Informa- 
tion obtained in studies of the factors affecting pressure treatment 
has been instrumental in getting the American Wood Preservers’ 
Association to revise and make many changes in the association’s 
treating specifications. These changes have resulted in marked im 
provement in treatment, reduced the cost of treatment, and have 
greatly diminished the objectionable effect of treatment on the strength 
and physical properties of the wood. 

Heat conductivity, heat transfer, and rate of temperature change in 
wood.—Basic data were provided and formulas developed for calcula- 
ing the temperatures attained in timbers being heated or for estimat- 
ing the time required for any point in the wood to reach a specified 
temperature under any given set of heating conditions. The data have 
found extensive use in the wood preservation field and have applica- 
tion in heating logs for veneer cutting, in hot pressing plywood, and 
in other operations where wood is surrounded by a heating medium. 
Data obtained in experiments on heat conductivity made it possible 
to develop a formula for computing the rate at which heat will pass 
through wood of any species at any moisture content. This is of 
value in calculating the effectiveness of wood for insulating purposes. 


Effect of temperature on strength and rate of deterioration of 


wood.—Investigations of the effect of various heating conditions and 
heating mediums on the strength properties and rate of deterioration 
of wood, have made it possible to predict the results that may be 
expected when wood is exposed to any given temperature while in 
service, 

Experiments on the effectiveness of various preservatives in pro 
tecting wood against marine borer attack showed that adulteration of 
creosote with petroleum oils greatly shortened the service life. It 
was also shown that high-boiling coal-tar creosote oils or solutions 
of creosote and coal tar were the most effective of a large number of 
preservatives tested. Although a large number of insoluble preser\ 
tive salts were tested none were found to be effective. 
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F. SOME ADDITIONAL WORK NEEDED 


Improvement of the preservative treatment of many species of low 
to moderate durability that are difficult to treat but that constitute 
a substantial part of existing timber supplies is a major problem for 
research. Examples of suc h species are the true firs, western hem 
lock, mountain-grown Douglas-fir, western larch, and the spruces. 
Both their abundance and size make them important sources of poten- 
tial supply for structural timber, poles, and other uses if ways and 
means can be found for treating them satisfactorily. Both basic and 
applied research are needed. 

Service records on the effectiveness of many new and potentially 

valuable preservatives and on the usefulness of new and modified 
methods of treatment will continue to be needed as a basis for the entire 
wood preservation industry and as a guide to the user of treated wood 
products. 

Preservatives and treatments that can be simply and easily applied 
to small quantities of material by the ultimate user are still much 
in demand and have large potential use. Efforts should be continued 
to develop such materials and treatments and to evaluate commercial 
developments of promise along this line. 

Effect of moisture content and conditioning of wood on preserva- 
tive treatment—The amount and distribution of moisture in wood are 
known to be important in different preservative treatments. However, 
the optimum amount of moisture and the allowable limits and effect 
of steaming, heating in the preservative solvent, seasoning, and other 
methods of reduci ing the moisture content as related to treatment are 
only partially understood. A fundamental study of the effect of 
moisture content, and of methods of reducing it previous to treat- 
ment, on preservative penetration and absorption is needed. 


Properties OF Woops Grown IN THE UNITrep States 
(FS-—-E-1-—7—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain basic data on the strength properties of wood and the 
properties relating to strength, their variation within and among 
species, and the effect on these properties of such things as region 
of growth, site condition, growth rate, and age. The present work 
includes evaluation of the properties of species of little commercial 
importance today but which in time, because of their availability, 
must find use as the supplies of the preferred species decrease. Wood 
of young, second-growth trees is being tested to determine the extent 
(o which their properties vary from those of virgin material and 
whether they may be used for the same purposes. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-7-1—Strength and related properties of wood. To determine 
by means of established testing procedures the basic strength of the 
clear wood of untested species or second-growth wood of species from 
different growth areas so that their proper fields of use in the wood- 
using industries may be determined. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Early in the twentieth century it became apparent that, in order for 
wood to be used most effectively, accurate design data would have to 
be made available. Tests to determine mechanical properties of dif- 
ferent woods were started at several universities. It soon became 
apparent that this testing would be of little value unless testing pro 
cedures were standardized to specify sizes of test specimens, loading 
conditions, and condition of the test material. This led to the concen- 
tration of the work at the Forest Products Laboratory in 1910 and 
started the sytsematic investigations of wood species that were of 
commercial importance. Of the some 800 tree species in the United 
States, the strength properties of 175. commercially important ones 
lave been studied. As the supplies of preferred species and old- 
growth trees have diminished, it has become necessary to ascertain the 
strength of less desirable woods and younger trees needed as substi- 
tutes for the preferred ones. 


D. FUNDS—-ANNUAL EXPENDITURES 


This project has been financed from regular funds. Rough esti- 
mates of annual expenditures during the fiscal years 1911 to 1920 
range from $3,000 to $6,000 per year. During the 1920’s this expendi- 
ture was approximately $15,000 to $20,000 per year, but from 1930 to 
1940 yearly costs varied from approximately $1,000 to $15,000. In the 
last 10 years costs have been approximately $20,000 to $40,000 per 
year. About $30,000 was spent on this project in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Establishment and publication of accurate strength data on which 
to base selection of species for specific uses —The publication of wood 
strength data in United States Department of Agriculture Bulletin 
556 and, in revised and expanded form, in Technical Bulletin 479, 
Strength and Related Properties of Woods Grown in the United 
States has provided basic information required for the efficient selec- 
tion and use of wood by every wood-using industry and every con- 
struction designer in the Nation. 

Method of selection of high-quality material for two important 
coniferous species.—A rule which makes use of rate-of-growth and 
summerwood characteristics of southern yellow pine and Douglas-fir 
as indicators of density, and thus of strength properties, was worked 
out which makes it possible to select high-grade material on the basis 
of visual examination. The selected material is stronger and can 
carry greater loads than unselected wood, thus making an important 
saving in the amount of timber required. 

Substitutes for Sitka spruce in aircraft—During two wars, strong, 
light Sitka spruce for trainer and fighter aircraft and gliders was im- 
possible to obtain in needed quantities. Information on strength 
properties of noble fir, western hemlock, yellow popular, and Douglas 
fir made it possible to substitute those species for Sitka spruce and 
thus meet aircraft production requirements. 

Increased supplies of hickory handle stock and decreased waste.— 
Consumers for years demanded white hickory (material from the sap- 
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wood portion of the tree) in preference to red hickory (heartwood 
material) on the belief that the white wood was more servicable for 
handle stock. ‘The result was that a large portion of good wood in 
select-quality hickory logs was needlessly wasted. Laboratory studies 
disclosed that, weight for weight, red and white hickory are of equal 
strength and that color is no criterion of hickory quality. This find- 
ing reduced waste and increased supplies of a high-grade material 
that was becoming scarce. 

Strength of blight-killed chestnut—The marketing of great quanti- 
ties of blight-killed chestnut that otherwise would. have been of little 
or no value was made possible by the Laboratory’s finding that this 
wood was not inferior to live trees. The removal of this material 
from the forest also reduced the fire hazard. Research investigations 
indicated that, so long as decay had not set in, there was practically no 
difference in strength of wood from infected and healthy trees. 

Salvage of pine and Douglas-fir from fire-swept areas. —Many areas 
of forest land are annually damaged by fire and the trees from such 
areas were considered of reduced value for purposes requiring high 
strength. It was shown that the wood from such trees was equal in 
strength properties to wood from live trees if decay had not set in. 

Utilization of “weed” trees —Western hemlock, white fir, aspen, and 
western larch were regarded with disfavor as weed species, and were 
frequently left in the ‘woods. Evaluation studies of their properties 
showed western larch to have high strength properties that make it 
suitable for structural purposes and resulted in its recognition by the 
American Standards Association as one of the preferred pole species. 
Western hemlock and white fir were shown to have strength prop- 
erties that meet all requirements for light construction and aspen to 
have a combination of properties that “adapts it to numerous indus- 
trial uses. 

Strength of winged elm.—Strength- property e ‘valuations showed 
that winged elm, normally left in the forest in previous years, had 
properties equal to those of rock elm and should therefore be equally 
satisfactory for the production of athletic equipment and bentwood 
parts. Since the demand for rock elm exceeds the supply, the use of 
winged elm will help to meet the increasing demand for wood with 
the combination of properties possessed by rock elm. 

Maple for flooring —Tests of maple from other regions of growth 
than Michigan proved that density and not growth region is the proper 
criterion of quality. Maple from Wisconsin, Minnesota, and Maine 
was shown to be equal in properties on a weight-for-weight basis to 
that grown in Michigan, and specifications ¢ alling for Michigan m: iple 
were ‘thereby shown to be unjustified. Avail: ible : supplies of a special- 
use material were thereby greatly increased. 


F. SOME ADDITIONAL WORK NEEDED 


Continued or expanded investigations to establish properties of 
untested woods and second-growth trees—Many of the preferred 
species for specific uses are no longer available in large quantities, 
and supplies are fast decreasing for many others. The search for 
acceptable substitutes must therefore continue. More comprehensive 
investigations must be made of the properties of the woods of second- 
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growth stands, and their limitations and fields of usefulness estab- 
lished. 

Use of suitable foreign species—The characteristics of foreign 
woods, particularly those of South and Central America, need to be 
learned to establish their properties and determine which ones are of 
value for further study as substitutes for domestic species. Some 
species of foreign woods are being marketed, and industrial inquiries 
about the suitability of these species are being received. <A prelimi- 
nary survey of species and quantities of each available, as well as 
simple strength tests to permit estimates of properties, should be 
started. 


EVALUATION OF THE Factors TuHat AFrect THE STRENGTH PROPERTIF* 
or Woop 


(FS-E-1-8—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Study and evaluate certain factors that cause variations 
in the strength of wood, such as repeated loadings, time the load is 
maintained, specific temperature conditions (not including durationa!| 
or accumulative effects), and the plastic behavior of wood; and (2) 
develop testing procedures and evaluate the effect of such factors. 
These testing procedures are constantly being improved and stand 
ardized both nationally and internationally to permit more rapid 
determinations of properties, to reduce cost of tests, and to make the 
results of tests made at different times and in different countrie= 
comparable. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-8-1—F actors affecting strength. To: (1) Investigate the fac- 
tors that affect the strength of wood and to determine the magnitude 
of their effects; and (2) provide information for specifications in 
order to avoid, limit, or allow for service conditions that affect strengt!, 
adversely. 

E-1-8-2— Effect of temperature on strength. To: (1) Evaluate 
the effect of temperature on strength of wood as a means of predicting 
behavior at subnormal and elevated temperatures and provide for 
safe utilization of wood in structures; and (2) determine the effect of 
kiln-drying temperatures on tension-perpendicular-to-grain strengt) 
properties as a means of control that will permit more rapid drying. 

E-1-8-3—Methods of test. To: (1) Establish better test methods 
for evaluating the mechanical properties of materials, structures, anc 
structural elements that will insure uniformity of results of tests made 
by different testing agencies; and (2) provide formulas for correlat 
ing results of tests that vary from the standards. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The earliest investigations on the strength properties of wood at 
the beginning of this century indicated that test procedures would 
have to be standardized so that the results obtained at different times 
and by different laboratories would be comparable. Such standard- 
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ized procedures were soon developed and form the basis for present 
practice although they have been constantly modified and improved 
as progress was made in testing techniques. The early investigators 
also found that certain factors, such as moisture content of the wood, 
defects, and specific gravity greatly influence the results obtained. 
The effects of those factors were determined and, as progress was 
made, the effect of other influences that limited use of wood or resulted 
in unsatisfactory service under adverse conditions showed the need 
for additional data on the effects of temperature, repeated and re- 
versed loading, or fatigue and duration of load, which are now being 
investigated. 


D. FUNDS-—~ANNUAL EXPENDITURES 


This project is supported by regular funds. Approximate expendi- 
tures on this project varied from $3,000 to $10,000 per year from 1910 
to 1920, and from $10,000 to $30,000 per year through 1933. Expendi- 
tures were almost negligible for fiscal years 1934 through 1941. Ap- 
proximate costs from 1942 to 1950 varied from $30,000 to $65,000, with 
the greater expenditures occurring during the war years. The cost 
of this item during fiscal year 1950 was about $45,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Developed standardized testing procedures for evaluating the prop- 
erties of small clear specimens of wood, structural timbers, plywood, 
and other wood-base materials that have been adopted as standard by 
the American Society for Testing Materials. These testing procedures 


form the basis for all wood strength studies in the United States and 
have been adopted almost without change by the other English speak- 
ing countries of the world. 

Determined the effect of moisture content of wood on its strength 
properties and developed a formula showing the relation between 
moisture content and strength. The formula makes it possible to 
compute the strength of wood at moisture content values other than 
those at which tests were made and to prepare tables of strength at 
various moisture-content values for use in the design of structures in 
accordance with moisture conditions they will encounter in service. 

Proved by test that good kiln-drying practices do not injure the 
strength of wood.—This study did much to overcome the prejudices 
against kiln drying. It made possible the establishment of kiln- 
drying schedules that can be used to dry lumber for uses where strength 
is of first importance. At the beginning of World War I specifications 
required that all aircraft lumber be air dried. Asa result of this work 
all aircraft lumber is now required to be kiln dried. 

Proved that the load wood can carry depends on the time it is re- 
quired to carry it.—This work has shown that the load-carrying 
capacity of wood is inversely proportional to the duration of load. 
Loads that have to be carried for only a few seconds can be much 
higher than those obtained under standard testing procedures. As a 
result, practically all codes permit an increase of 50 percent in wind 
and earthquake stresses and 20 percent for stresses due to snow over 
stresses for static loads. On the other hand, when design loads have 
to be sustained over a long period of years, the stress obtained in 
standard tests must be decreased 40 to 50 percent to insure against 








1650 AGRICULTURAL RESEARCH AND RELATED SERVICES 


failures with time. These studies have therefore made possible say- 
ings in aircraft and other uses where loads are on only a second or two 
and have improved the safety and maintenance of structures which 
must carry their design load for years. 

Developed a mac shine for measuring the toughness of wood which 
is rapid and simple to operate and requires only a small specimen. 
The test is highly satisf: coon in detecting loss of strength in wood 
due to treatments, deca , exposure, or modifications in structure. 
Combined with a Bester gravity determination, it is an excellent 
means for evaluating the quality of lumber for special high-strength 
uses, and in determining the cause of failure of wood in service. The 
machine is used by industries with exacting strength requirements and 
by a number of universities and other testing laboratories. 


F. SOME ADDITIONAL WORK NEEDED 


Develop nondestructive tests for « valuating the strength of wood.— 
The strength properties of wood vary over a wide range, both among 
and within species, and the allowable design stresses for each species 
must be low enough so that the weaker pieces can be used with safety. 
Therefore most structural members are ‘arrying less load than they 
could sustain if full advantage could be taken of their properties. A 
satisfactory nondestructive test that could be used as an acceptance 
test would permit better selection of wood by the lumber industry 
and better utilization by consumers, enabling them to specify their 
requirements more exactly and to be sure of the quality obtained. 
Such improvement in use of the strength of wood is of increasing 
importance as supplies of high-strength wood for structural and in- 
dustrial uses become scarcer and more difficult to obtain and as the 
costs go up. 

Evaluation of the effect of preservation and fire-retardant treat- 
ments on the strength of woods.—Millions of board feet of timber 
are treated annually to increase resistance of wood to decay, insects, 
and fire. The effect of the treatments on the strength of wood has 
received scant attention and if the fullest value of these treatments 
is to be realized their effect on strength should be evaluated and 
information obtained that makes it possible to specify treatments that 
do not seriously injure the strength. 

Evaluation of the effect of high and low temperatures on strength 
properties.—Studies are presently under way to determine the effects 
of high temperatures on strength, but these investigations are com- 
plicated and time-consuming. Since preliminary data indicate that 
wood strength increases as the temperature decreases, it is desirable 
to extend these investigations to determine the strength properties at 
the abnormally low temperatures prevailing under Arctic conditions. 


DETERMINATION OF THE STRENGTH PROPERTIES OF Woop-BASE AND 
Fiser-Base Marertaus 


(FS-E-1-9—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) obtain basic strength data on wood- and fiber-base materials 
that are under development at the Forest Products Laboratory as a 
means of evaluating their performance and probable serviceability ; 
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and (2) analyze the data obtained and evaluate the effect of veneer 

thickness on the strength of laminated material, which will enable 

more accurate estimates of the properties of laminated veneer products 

and plywood, based on the ply tuudeates and adhesives, and indicate the 
veneer thicknesses desirable for special uses. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-9-1—Strength properties of wood- and fiber-base materials.— 
To evaluate the basic strength and related properties of modified 
woods, such as compressed and impregnated woods, and of wood- and 
fiber-base materials, such as hardboards and insulating boards, and 
thereby provide for more universal and intelligent use of these 
materials. 


C. HISTORY AND EVOLUTION OF THIS WORK 


These studies were started about 1940. In the search for treatments 
that would improve the dimensional stability of wood, the properties- 
evaluation studies made indicated that not only were the swelling and 
shrinkage properties changed by certain of the treatments but modi- 
fications in the strength properties took place as well. Further re- 
search and investigation showed that most of the strength properties 
of wood were improved by resin impregnation and compression but 
some of the properties were improved more than proportional to the 
increase in density. ‘These so-called modified woods soon found uses 
in many fields such as propellers for aircraft, picker sticks and shut- 
tles in the weaving industry, molded handles for knives and tools, 
radio masts and flooring and decking materials. The properties- 
evaluation studies were continued to determine behavior in accordance 
with specific requirements and the effects of new types and amounts of 
resin and compression. ‘These materials are heavier than normal 
wood, and the demand was not only for them but for lightweight ma- 
terials for use as cores of sandwich construction and as low-cost struc- 
tural fiberboards. These lightweight materials were studied to 
evaluate their specific properties and to permit comparisons with ma- 
terials for which they were proposed as substitutes. Research investi- 
gations and mathematical analyses of plywood properties being con- 
ducted at this time were also found to be applicable in the evaluation 
studies of materials having a lightweight core and faces of high- 
strength materials. This type of material, termed “sandwich,” is of 
great importance in aircraft construction and, in a less specialized 
form, is finding other structural use as in trailers and in wall panels 
for houses. 


D. FUNDS AND EXPENDITURES 


These studies have been conducted with regular and cooperative 
funds and have been confined largely to work in the last decade. Ap- 
proximate annual costs for the last 10 years varied from 310,000 to 
$100,000, amounting to about $95,000 for fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Deve lope d ad sign data for “compre q” and “7m pre gr which fur- 
nished the basis for effective utilization of these materials during 
World War II as propellers, bearing plates, reinforcing plates for 
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bolted members, and radio masts. This information has also been 
carried into peacetime uses and furnishes data on which to make intel- 
ligent selections of material for specific uses. 

“Demonstrated through tests that compreg-faced composite decking 
material for aircraft carriers was satisfactory and could be used to 
replace and augment supplies of teak and Douglas-fir now used for 
decking. These studies showed that dee king failures were not likely 
to occur in the composite decking under the ‘ty pes of load anticipated 
in service. 

Developed a hardness test to evaluate this important property of 

compreg and impreg and to permit comparisons with hardness of 
untreated wood.—One of the important characteristics of this materia! 
is its resistance to indentation and abrasion, which makes it an ex 
ceptionally useful material where wear resistance is desired. While 
the increased hardness was apparent, no comparative hardness meas 
urements were possible until these new techniques were developed. 

Developed standardized testing procedures for determining th 
properties of fiber building boards that are being widely accepted by 
industry and Government agencies as standards for evaluating per 
formance of these materials. The i increasing use of hard fiberboard: 
and insulating boards made it necessary to have some method of 
measuring performance characteristics to afford comparative evalua 
tions among these materials and with other materials lett the same 
field of use. The testing procedures developed have been accepted as 
standards by the American Society for Testing Materials. 

Developed design information for sandwich construction that is in 
demand to permit greater usefulnesse of sandwich material in the con 
struction of aircraft, radomes, and guided missiles. The design data 
make it possible to compute the strength of any type of sandwich con 
struction. Without these data each new type must be tested. The cost 
and time required for such tests discourage use of new sandwich ma- 
terials. These data are also directly applicable to the use of sandwich 
construction in panels for house construction. 

Determined the properties of sandwich construction at elevated 
temperatures.—The properties of these materials were investigated ai 
temperatures up to 600° F. to determine which materials will retain 
their strength when used installed in aircraft where high speeds 
cause great increase in temperature. 


F. SOME ADDITIONAL WORK NEEDED 


Extension of present studies to include evaluation of the properties 
of new and additional materials as they are proposed for use.—Sucl 
studies not only provide strength data that are necessary for the 
intelligent use of new materials in construction and industry, but the 

save countless dollars in discouraging the development and use of 


materials, the properties of which are . found to make them unfit for 


the purpose intended. 

Additional studies should be made to provide testing procedures fo: 
evaluating the impact strength and puncture resistance of fiberboari/. 
—As this material is finding increased use in dry-wall construction i 
houses, and for other uses where it is subject to impact, it is important 
to know how much abuse it can stand without damage and how it 
compares in that respect with other materials. 
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Expand the investigations on sandwich materials to provide all 
needed design data to afford widest application of this new structural 
material.—Since sandwich construction is a relatively new type of 
material, only the basic data have been evaluated. Performance under 
combined lo: ding conditions needs to be investigated if sandwich con- 
struction is to find widest use. In some applications the insulating 
qualities as well as strength are important, and that property needs to 
be improved through research. 


Desian Data anp Construction ProcepurEs FoR SrRUCTURAL 
ELEMENTS 


(FS—E-1-10—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop methods and formulas for computing the strength 
properties of plywood that facilitate its more accurate and efficient 
utilization, and permit its use for purposes where it is not now used 
because of lack of accurate data on which design can be based; (2) 
prepare a manual on plywood engineering design; (3) study the pr op- 
perties of laminated timbers which are increasingly ated as supplies 
of large-sized solid structural timbers decrease; (4) publish a manual 
on the properties and characteristics of laminated members that will 
facilitate their more accurate and economical design and use; (5) 
develop, in cooperation with the American Lumber “Standards Com- 
mittee, grades for glued laminated structural members so that users 
of such members may obtain a uniform and satisfactory quality prod- 
uct for the intended use; and (6) study the long-time load effects and 
other factors that affect the design load of fastenings. 


B. CURRENTLY ACTIVE LINE PROJECTS 


K-—1-10-1—Plywood design. ‘To establish, through test and analy- 
ses, basic information on the design of plywood structures and other 
plyw ood products so that plyw may be employed more accurately 
and universally as an engineering material. 

E-1-10-2—Design of laminated constructions. To develop basic 
data for glued laminated construction, including beams, columns, and 
arches, that will provide more accurate designs with fullest utilization 
of materials and increase the utilization of low-grade and short-length 
lumber in the fabrication of laminated members. 

E-1-10-3—Joints and fastenings. To increase the efficiency of 

various joints in wood members to establish safe values for use in the 
design of joints made with nails, screws, bolts, and other mechanical 
fastenings. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Plywood was first used as a constructional material early in the 
twentieth century and found use in aircraft during W orld War I. 
The adhesives used at that time in bonding the veneers together were 
only moderately resistant to the weather. Some years “later more 
water-resistant adhesives were developed and plyw ood began to ex- 
pand into new fields of use. For exacting uses requiring high strength, 
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research was intensified during World War II when plywood was 
widely used in the fabrication of training aircraft and gliders. Glued 
laminated structural timbers were introduced into the United States 
less than 20 years ago and one of the early installations of this 
type of construction was in the laminated arches of a service building 
erected at the Forest Products Laboratory in 1935. Since that time 
its use has continually increased, not only in the fabrication of mem- 
bers for industrial buildings, churches, and schools, but in the pro- 
duction of laminated rafters for farm buildings and laminated boat 
framing members. During this period of expanded use, Forest 
Products Laboratory research has been continued to provide design 
information. 

Nails and other fastenings have always been used in wood con- 
struction. ‘The joints m: ade with them, however, have been the weak- 
est link in structures. Research has provided data on the type and 
number of fastenings required to improve the design and performance 
of joints made with older fastenings, and it has made possible the 
development of new and more efficient fastenings by furnishing 
the data necessary to assure their safe and efficient use. 


D. FUNDS-—-ANNUAL EXPENDITURES 


This project has been supported by regular and cooperative funds. 
Approximate expenditures varied from “about $5 000 to $30,000 per 
year during fiscal years 1911 to 1920 and from $20,000 to x eb 
per year from that’ time to fiscal year 1940. From fiscal year 1941 
to fiscal year 1950, costs ranged from approximately $48, 000 to 8 20,- 
000 per year with the highest costs occurring during the World War II 


years. The cost for fisc cal year 1950 was about $54 000. 
E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Published United States Department of Agriculture Technical Bul- 
letin No. 691, The Glued Laminated Wooden Arch. This bulletin, 
which is based on research investigations at the Forest Products 
Laboratory, provides basic data on the design of curved, glued lam- 
inated members and has been the basis for most of the technical 
developments in laminated construction in the United States since 
its publication in 1939. 

Showed that curved, glued laminated members have acceptable 
strength for ship framing timbers.—These data, which were of vital 
interest to the Bureau of Ships, Department of the Navy, showed that 
the laminated oak frame members could safely be substituted for solid 
steam-bent members and that the laminated members could be of 
smaller size and still have comparable properties. The use of smaller 
pieces in the laminated frames increased the percentage of the total 
amount of oak available that could be used in boat construction and 
the base of supply was further broadened by studies showing the suit- 
able performance of laminated Douglas-fir boat frames as substitutes 
for oak. 

Provided new and improved principles of design for glued laminated 
compression and bending members.—These principles make it possi- 
ble to evaluate the effect of defects in various grades, the value of 
different types of joints and spacing necessary when they are used, and 
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thus provide for more accurate and economical design than has here- 
tofore been possible. 

Determined the optimum nailing for joints in a house—The data 
presented in the publication, Technique of House Nailing, shows the 
nailing procedures for all of the joints encountered in the erection 
of a house. That publication has been widely distributed by the 
Housing and Home Finance Agency, is used by schools for apprentice 
carpenters to teach good nailing methods, and by FHA inspectors 
as a guide in determining the adequacy of joints in house construction. 

Made possible better joints by the use of the new and efficient timber 
connector.—United States Department of Agriculture Technical Bul- 
letin No. 865, Timber Connector Joints, Their Strength and Design, 
furnishes basic design data on connector joints. It is used by engi- 
neers and architects as the basis for designs using this type of fasten- 
ing and by States and other governing units in codes that prescribe 
how connectors may be used. Connectors have made possible the use 
of millions of feet of lumber in structures that could not otherwise 
have been built of wood. 

Improved design information for plywood.—The results of this 
work are published in Army-Navy-Civil Bulletin ANC-18, Design 
of Wood Aircraft Structures. The data are not only basic to the 
proper utilization of plywood in aircraft but form the basis for im- 
proved plywood utilization in the building field, in the fabrication of 
railroad cars having superior performance characteristics, and for 
other industrial and construction uses of plywood. 

Developed design data for the use of plywood webs in bow and T- 
beams which were used in the construction of spars for gliders and 
aircraft and are now used to provide lightweight, strong structural 
members. 


F. SOME ADDITIONAL WORK NEEDED 


Design information on glued laminated members containing more 
than one species.—This would provide for the construction of strong, 
lightweight laminated members by using high-density species for 
outer laminations and low-density and perhaps less costly and more 
readily available species for the interior laminations. 

Provide design information on deep laminated beams.—Laminated 
beams 48 inches in depth have been made, and the use of members up 
to 6 feet in depth is contemplated. Design information for beams 
of such sizes is lacking and should be obtained to insure accurate and 
economical use of material. 

Expand the design data on faste nings to include new ty pe S of fast n- 
ings and new construction materials and methods. New types of 
fastenings, such as nails with greater holding power or more corrosion 
resistance, are available to the public, but no information is available 
on which to base replies to requests for proper methods of use. Dry- 
wall construction, coming into extensive use in house construction, 
requires concealed and better methods of fastening if the advantages 
it offers are to be fully utilized. 

Develop through research additional design information for ply- 
wood to fill in gaps in existing data to meet the demands of the ply- 
wood users and designers for more complete and adequate technical 
information. 
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Iurprovep StrucruraL Urinization or Woop 
(FS—E-1-11—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate building materials and practices for the purpose of 
improving construction of houses and other structures, oy evaluating 
current methods and devising new and improved ones, making reliab|: 
engineering information available to the industry about new materials 
and construction methods, and developing means of utilizing material: 


now regarded as unsuitable. 


B. CURRENTLY ACTIVE LINE PROJECTS 


‘—-1-11-1—Improved building construction. To: (1) Devise anc 
improve methods of construction and construction details; (2) utiliz 
low-grade materials and local species; and (3) investigate new ani 
substitute materials with the purpose of developing efficient and low 
cost structures. 

EK-1-11-2—-Working stresses and stress grades. To: (1) Determin 
the principles by which design stress values for structural grades of 
lumber may be developed; and (2) apply these principles to current 
practices of stress grading to obtain more accurate and dependable 
selection for strength that will make it possible to utilize the strengt|: 
of the stronger timbers more efficiently. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The investigation of working stresses for timber based on strengt! 
values obtained from tests was started about 1917 to meet the needs of 
engineers and designers. This work involved adjustment of labora 
tory test data for variability of material, effect of long-time loading. 
the influence of defects, and determination of the factor of safet, 
Evaluation of these variables was based largely on laboratory exp 
rience and judgment. Recommendations for stress grading and work 
ing stresses were published in 1923 in United States Department of 
Agriculture Circular No. 295. The American Lumber Standar( 
Committee shortly thereafter adopted these basic principles, and lum 
ber associations revised their rules to conform to them. At the san. 
time American Lumber Standards were adopted for grading of yar: 
lumber and for standard sizes for all lumber. Additional researc! 
continued as the use of American Lumber Standards showed need fo: 
improved efficiency and simplification. The continued work resulte« 
in the development of a system for specifying strength and for deter 
mining wont stresses for any grade. United States Department 
of Agriculture Miscellaneous Publication No. 185 presented that sy: 
tem in 1934. Additional research resulted in two supplements to tha‘ 
publication; one extended the system to yard grades, the other pre 
sented, in 1948, the results of the study of all data accumulated, and 
recommended an increase in some working stresses. 

The building construction study started in 1918 and the princip|: 
of stressed-skin covers, which had proved successful in aircraft, was 
r Sten in the construction of experimental houses. These prove: 
the practicability of the system, and practically all prefabricated wood 
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houses are now built on the stressed-skin principle. Work aimed at 
improving the strength of walls, floors, and roofs of conventionally 
built houses was carried on concurrently with work on prefabricated 
structures. The results of that work are the basis of the Federal 
Housing Administration’s Minimum Construction Requirements and 
its Table of Maximum Allowable Spans, the latter published in 1949. 
Recent work on the effect on strength of size and spacing of members 
and the use of low grades is aimed at reducing cost, eliminating waste, 
and improving utilization of low-grade material, and the develop- 
ment of a sandwich material suitable for use in house construction. 


D. FUNDS—-ANNUAL EXPENDITURES 


These projects were supported by regular funds varying from $5,000 
to $10,000 per year from about 1917 to fiscal year 1930. From fiscal 
year 1931 to 1941, approximate annual expenditures varied from 
$15,000 to $70,000, including regular and cooperative funds. During 
World War IT expenditures on these items were negligible, but from 
fiscal year 1946 to 1950 approximate annual costs were from $45,000 
to $110,000, amounting to about $45,000 in fiscal year 1950. 


E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstrated the practicability of using the stressed-skin principle 
in house construction by building and testing three experimental 
houses using that principle. Those houses were the forerunners of the 
entire wood prefabricated house industry. The stressed-skin princi- 


ple by which the covering plywood panels are glued to the framing 


members and carry a oon of the load was shown to be highly satisfac- 


tory and has been adopted directly by a number of prefabricators. 
The principles of panehieed construction and assembly through field- 
type joints were worked out in this research investigation. 

The development of safe working stresses for species of wood used 
in construction and the evaluation of defects in the formulation of 
grading rules for structural timbers as published in United States 
Department of Agriculture Circular No. 295 and Miscellaneous Pub- 
lication No. 185, “Guide to the Grading of Structural Timbers and 
the Determination of Working Stresses,” and its supplements, have 
formed the basis for the grading of all structural timber used in the 
United States and the grading rules published by each trade associa- 
tion. The working stress recommendations are the basis of the 
strength requirements of practically every modern building code and 
the specifications for timber of railroad, highway, and other technical 
associations concerned with wood construction. 

Developed procedures for increasing the rigidity of frame walls 
for houses, whch provide for greater safety to inhabitants and de- 
crease danger of damage or collapse under wind or earthquake load- 
ing. These simple and inexpensive procedures also permit the use 
of lower-grade and weaker materials for sheathing. They are re- 
quired in all FHA-insured construction and are used by all good 
builders throughout the United States. 

Prepared a manual on wood construction for prefabricated houses 
which gives basic information on the use of wood in house construc- 
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tion and presents in detail numerous procedures that have been found 
satisfactory in the production of prefabricated units. 

Developed and evaluated the properties of a lightweight sandwich- 
type material for housing use. This material, which has a light- 
weight expanded paper core to which are bonded faces of aluminum, 
plywood, paper-faced veneer, insulating board, hard fiberboard, or 
transite, has been evaluated by laboratory and service tests and has 
been shown to be satisfactory. It is gradually coming into use by 
the housing industry and is an important material in the develop- 
ment of lightwe ight military housing for subzero conditions. 


F. SOME ADDITIONAL WORK NEEDED 


Develop more efficient rules for evaluating the effect of defects on 
trength.—Present rules, while safe, are far from efficient and high- 
street timbers are degraded because data on which to base a more 
accurate strength classification are lacking. That is especially true 
of members subjec ‘ted to tension or compression rather than bending. 

Obtain data on plastic behavior of wood under long-time loading. 
Present adjustment of strength figures, obtained in a period of min- 
utes, to the strength that can be expected where timbers must carry 
loads for years are based on tests of clear wood extending over only 1 
or 2 years. Long-time loading tests should be set up that will fur- 
nish ‘data on the behavior of timbers containing defects subjected 
to load for periods of from 10 to 50 years. 

Develop a test unit that can be used to service test new materials 
and construction ideas—New materials and new ideas for construc- 
tion are of necessity accepted or rejected on the basis of an analysis 
of their probable behavior in service. A house unit should be de- 
signed and erected that could serve like a testing machine. Pan- 
elized walls, roofs, and floors should be removable so that a construc- 
tion or material could be removed and another substituted when 
sufficient data were obtained to evaluate its serviceability. More ac- 
curate evaluation could thus be obtained than by the analysis and 
much more quickly and at less cost than by trial and error of actual 
service. 

Develop design information for walls, floors, and roof diaphragms, 
subject to earthquake and high wind forces.—Present. design infor- 
mation is applicable to glue and other rigid joints. There is no de- 
sign information for constructions having nail, bolt, and other 
mechanically fastened joints, nor on the effect of the large window 
and door openings now desired. 


DesiGN AND CoNSTRUCTION OF SurppIng CoNTAINERS 
(FS—E-1-12—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Search out the basie principles of box and crate construc- 
tion ; ( 2) develop new or improved shipping containers making more 
efficient use of wood or wood products; and (3) enlarge the usefulness 
of little-used species, low-grade wood, and waste wood for shipping 
containers. Military cooperation on current work involves practical! 

applications of research results and includes the preparation of pack- 
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aging specifications and manuals and the development of packaging 
requirements for specific articles or classes of material. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-12-1—Crate construction. To prepare a departmental bul- 
letin that will make available to shippers and designers up-to-date 
information on basic principles of crate construction “and their appli- 
cation. 

E-1-12-2—Fruit and vegetable containers. To develop improved 
picking boxes and shipping containers used by fruit and vegetable 
growers, and containers made of less critical materials. The splitting 
characteristics of container woods are being investigated to encourage 
the use of other species in order to allevi ate the drain on ponderosa 
pine. Preservatives are being tested as a means of prolonging the 
useful life of picking boxes. 

E-1-12-3—Fiber containers. To: (1) Develop better fiberboard 
boxes and broaden their utility by correlating box performance with 
fiberboard strength ; and (2) dev elop test methods for fiberboards that 

‘an be used in container specifications. 

EK-1-12-4—Pallets. To develop rational pallet designs. (Pallets 
are flat bases of wood or fiberboard upon which packages are piled 
for convenient handling by lift trucks.) 


C. HISTORY AND EVOLUTION OF THIS WORK 


Although scattered tests of shipping containers were conducted at 
the laboratory as early as 1910, it was not until 1915 that planned 
long-range research on this subject was started. It immediately be- 
came apparent that the hazards of transportation had to be studied 
and testing techniques developed to determine the basic principles of 
box and crate construction. This work was under way and a general 
understanding of container requirements had been obtained “by the 
time the Army requested assistance in 1917. Work was greatly ex- 
panded to meet the Army’s requests for aid during W orld War I. 

Basic research continued on a small scale between the two world 
wars. Improved formulas, rules, testing techniques, and_ general 
instructions for designing containers were worked out and widely 
adopted by manufacturers, shippers, and commercial box-testing labo- 
ratories. Even before the start of World War II, the Laboratory was 
again requested to assist the armed services. Work was undertaken 
on defense and lend-lease packaging problems, and was greatly broad- 
ened when the United States entered the war. A staff of more than 
130 packaging engineers and assistants was required. 

Since World War II, basic research has continued on a small scale 
and the Department of Defense has been assisted on packaging prob- 
lems. 


D. FUNDS—ANNUAL EXPENDITURES 


In the early stages of the container research program, funds were 
limited to a few thousand dollars of regular funds per year. During 
World War I, $400,000 in cooperative funds was allotted to the Labo- 

ratory. After the war, the Forest Service funds allotted to container 
research gradually diminished until at the start of World War I, 
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the container staff consisted of one engineer and an assistant. Dur- 
ing World War II, the maximum annual expenditure rose to about 
$820,000, almost entirely cooperative funds. Since the end of World 
War II, the Department of Defense has continued to support the 
container program to the extent of approximately $100,000 per year ; 
regular funds totaling about $20,000 per year have been available. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of container testing techniques.—The Laboratory has 
been the pioneer and leader in the development of container testing 
techniques and testing equipment. A number of test methods includ- 
ing those for drop tests, revolving-drum tests, and compression tests 
developed by the Yous ‘atory, have been adopted as standards by the 
American Society for Testing Materials, the Technical Association of 
the Pulp and Paper Industry, commercial testing laboratories, in- 
dustrial concerns, and Government agencies, as well as a number of 
foreign countries. The revolving drum tester, the weaving test ma- 
chine, the FPL fiberboard score tester, and other devices were in- 
vented. 

Container materials —The container woods have been grouped on 
the basis of those properties which are of most importance in con- 
tainer performance, so that the species in each group may be used in- 
terchangeably. This simplified design problems and increased the use 
of previously little-used species. Requirements of container fasten- 
ings resulted in a nailing schedule, universally adopted, showing best 
nail sizes and spacings for efficient box design. Steel strapping re- 
quirements for container reinforcements have been determined. 
These findings have made possible large savings through improved 
container performance and the use of thinner lumber. 

Design data for fiberboard containers.—Fiberboard containers are 
perhaps the most important type from the standpoint of variety and 
volume of goods carried. Yet little progress had been made in their 
technical design because of the apparent lack of relationship between 
paper strength and the serviceability of the resultant boards and 
boxes. The Laboratory’s research has shown that corrugated fiber- 
board and its components can be studied as engineering materials and 
that scientific design of such containers can be accomplished. Valuable 
information has been furnished the industry and the users on meth- 
ods of closure, orientation of fibers (or machine direction) of the 
fiberboard in the box, the influence of different methods of scoring, 
methods of reinforcement, and techniques for evaluating the com- 
ponents. 

Development of improved wood container designs —Engineering 
formulas, rules, and general instructions have been developed that 
permit the design of efficient and economical crates, nailed wood 
boxes, wirebound boxes, and other types of containers. These design 
factors have been incorporated in many of the container specifications 
used by the box industry and the Federal Government, including the 
Department of Defense. 

Assistance to industry.—The results of the container investigations 
have been applied to shipping problems of industry. Savings esti- 
mated to be in excess of $40,000,000 annually have resulted from: (1) 
Reduced loss and damage because of better containers; (2) less ma- 
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terial used because of thinner lumber; and (3) lower freight, storage, 
and handling charges because of reduced size and weight. Several 
manufacturers have reported that they have cut their packaging costs 
in half by following Laboratory recommendations. Because of com- 
petitive conditions, such savings are ultimately reflected in reduced 
cost of goods to the consumer. 

Assistance to the military agencies —More than 1,500 specifications 
and instructions have been prepared for the shipment of military ma- 
terial. Some 15,000 war workers were trained in Laboratory packag- 
ing courses. Thousands of packaging materials have been tested and 
evaluated. Manuals for inspection and packaging of war material 
have been prepared. The results of this cooperation during World 
War IT resulted in savings in cubic displacement that permitted four 
ships to carry the material which formerly required five, together with 
savings of millions of board feet of lumber and other packaging ma- 
terials. The savings in lumber alone were estimated to be more than 
$35,000,000 for each year of the war. 

Development of aero-drop container—At the request of the Air 
Forces, the Laboratory developed a free-falling reusable container 
for dropping from airplanes in flight that was considerably less ex- 
pensive than the customary cargo-parachute-plus-container ensemble, 
but which would land vital supplies without damage. The tall fiber- 
board container has hinged fiberboard wings attached at an angle on 
two opposite faces near the top. Dropped from a plane, the wings 
open and the container spirals slowly to the ahaa Although the 


war ended before it could be used in the field, it has found peacetime 
use. In 1948, a chemical manufacturer stocked cartons in 12 ee 


flood areas for use by the Red Cross and other groups in dropping 
water purification chemicals. It has also been studied by a livestock 
breeders’ association for possible use in artificial-insemination work. 


F. SOME ADDITIONAL WORK NEEDED 


Cleated panel bowes.—Cleated plywood boxes and cleated fiber- 
board boxes are extensively used. No systematic study of the panel- 
type construction for boxes has been made, as was done for the nailed 
wood and wire-bound boxes. There is reason to believe that some new 
materials, such as combinations of wood and paperboard, or of wood 
and plastics, could be employed. Many species of wood that do not 
provide good container lumber could be processed to provide panel 
materials for these boxes. 

Air cargo containers—Air express and air freight impose new 
requirements on shipping containers. Boxes must not only be light 
in weight, but sturdy enough to permit fastening in place in the 
airplane. In addition, some may have to withstand the rigors of sur- 
face shipment. New methods must also be provided for shipment of 
perishable commodities, such as individual refrigeration within a 
package or containers designed for refrigerated compartments in 
aircraft. 

Pallets—The laboratory investigation of pallets was started in 
fiscal year 1950. Investigations to date indicate that the fastenings 
are the most frequent cause of failure, and that the types of pallets 
in common use are not of balanced construction. Parts of the pallet 
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appear to be stronger than required, while other parts are too weak. 
An engineering an: alysis of the subject is needed. 

Fruit and vegetable containers.—The current study of splititng 
characteristics of container woods and of preservative treatments for 
picking boxes are only a small part of this project. The investiga- 
tion should be continued and expanded. 

Fiber containers.—This investigation should be continued. It ap- 
pears that the objective of being able to evaluate fiberbos ird materials 
for use in specifications for containers may be reached in the next 
year or two. However, further study should te aimed at improve- 
ment of the component materials to meet the specific requirements for 
box making. 

Interior blocking, bracing, and cushioning.—Although a consider- 
able amount of data have been accumulated from laboratory tests of 
many cushioning materials, little has been done on their application 
or on the gener: al subject of interior packing of breakable commodi- 
ties. This is a subject that should be included in the program. 


HARVESTING THE Trmper Crop 
(FS—E-1-13—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Improve the equipment and methods for logging and mill- 
ing timber; (2) determine what quality and sizes of trees it 1s economic 
to cut in selective logging and to recover in salvaging wood waste; 
and (3) develop a basis for grading logs of the different species so 


that they may be sorted and ev: iluated for purchase or sale according 
to the highest- value product which their quality makes possible. 
Much of the emphasis is directed to conditions applicable to the small- 
{imber operator, to farm woodland holdings, and to the utilization 
of the lower qualities of timber not adaptable to harvesting by the 
conventional methods of the past developed for high- -quality virgin 
timber. Reducing the labor costs of utilizing low- “grade timber “by 
investigating ¢ and promoting labor-saving measures is an immediate 
objective of the project, as is also reducing the amount of waste and 
miscuts in sawing lumber at the smaller mills which now account for 
more than half of the national lumber production, 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1—-13-1—Wood-harvesting studies. To stimulate development of 
equipment for reducing costs of cutting, skidding, loading, and trans- 
porting sawlogs, pulpwood, and wood residues, especially in sizes, 
forms, and species considered too costly to handle by conventional 
methods. 

E-1-13-2—Sorting logs for ieciins products. To: (1) Establish 
the basis for sorting ‘logs according to the product for which they are 
best: suited, such as veneer, lumber, ties, and timbers, specialty prod- 
ucts, pulp, and chemical wood ; (2) determine the minimum quality 
of logs which give reasonable yields for the various products; and (3) 
provide merchantability standards to guide forestry and manufac- 
turing operations. 
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E-1-13-3—Small-sawmill improvement. To provide small-saw- 
mill operators and forestry extension agencies with immediately ap- 
plicable information on eliminating f: wilty cutting methods and reduc- 
ing wastes, costs, and marketing handicaps. 

E-1-13-4—Fundamental mechanics of wood cutting. To provide 
information basic to sound engineering design of sawing and other 
woodworking machinery, including energy consumption, fiber-sepa- 


rating tool forms, and the limitations and capacities of various cutting 
actions. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Logging and milling investigations to show the lumber industry the 
advant: ages of selective logging from a dollars-and-cents standpoint 
were initiated in the 1920's. Several of the larger operators gave 
quick attention to the results. The thousands of small timber owners 
and small mill operators had problems peculiar to their size and 
set-up. Therefore, in 1930 the Forest Service established at the 
Forest Products Laboratory a small mill research and consulting 
specialist to provide expert aid to the many small mills which were 
the bidders on many national forest timber sales in the East and 
South and the outlets for sales of timber from farm woodlands. The 
quality and defectiveness of logs as opposed to mere size became more 
of a factor as selective logging was put into effect and as more timber 
was bought and sold between farmers and small mills. Also the 
launching of the national forest resource survey by the Forest Service 
required the application of log grading. Thus in the 1930’s substan- 
tial work was started on the development of a log-grading system 
for hardwood timber species. Since that time work has been extended 
to include some on softwood species. Following World War II, work 
on labor-reducing equipment for logging low-grade timber has been 
undertaken, especially directed at uncovering the many improved 
devices and short-cuts that are developed in “isolated locations but 
seldom become generally known for more widespread application. 
Within the last 2 years work has been undert: aken of a fundamental 
nature on how saw teeth perform in the sawing process to permit 
the development of saws for sawing with less saw kerf and miscuts, 
both of which reduce waste, and with less expenditure of power 


D. FUNDS—ANNUAL EXPENDITURES 
This project has been financed from regular funds varying from 


about $10,000 per year in 1925, $35,000 in 1935, to approximately 
$86,000 for fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The costs and return under selective logging.—By output and time 
time studies on lumbering operations in North, South, and East and by 
analyzing the relation between operating costs and lumber grade yields 
by log diameters, we introduce the principles and practical applications 
of selective logging which have since been adopted by scores of pro- 
ducers. These studies have shown that, on a cost basis, cutting imma- 
ture timber is unremunerative and that a greater return can be realized 
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by confining the cut to larger trees, leaving smaller ones to grow larger 
for subsequent cutting. 

Hardwood log grading system.—Established basic log grades for 
hardwoods for standard lumber which enable timber owners to market 
their logs and mills to buy their logs on the basis of quality as well as 
quantity. These grades were adopted in large part by the Northern 
Hemlock and Hardwood Manufacturers’ Association. They were the 
basis on which the hardwoods blown down in the 1938 New England 
hurricane were purchased by the Government for conversion and re- 
sale and during World War II were used for determination of OPA 
ceiling prices in the Lake States. More recently they are being used 
on an ever-increasing scale by individual timber operators in the 
South and East and are fast becoming a nationally recognized stand- 
ard for hardwood logs. 

Small sawmill improvement has resulted in the introduction through 
the medium of the forestry extension agencies, of more efficient smal! 
sawmill practices, ranging from more efficient design and adjustments 
of equipment to eliminate miscuts and wastes in sawing to labor-saving 
devices for handling logs and lumber through the mill and business- 
like cost keeping methods. Consulting aid to many individual opera- 
tors from all States and several foreign countries has been given, as 
well as aid to military agencies in selecting portable equipment: for 
sawing lumber at advance military bases. The several publications 
and manuals incorporating the results of work in this field have become 
widely recognized and sought after. 

New designs for saw teeth have grown out of fundamental research 
on the exact. behavior of cutting edges in the sawing of wood. <A new 
type of duo-kerf tooth has recently been developed which reduces the 
power required by about 25 percent, produces a much smoother sur- 
face permitting less allowance for planing to a smooth surface and 
permitting also the use of saws of thinner kerf producing less waste in 
sawdust. The tooth is applicable to both circular and band saws and 
is arousing much interest among sawmill operators both large and 
small. 


F. SOME ADDITIONAL WORK NEEDED 


Other log grades for hardwood and softwood.—The characteristics 
of logs suitable for veneer and plywood manufacture differ substan- 
tially from these suitable for lumber. With present knowledge it is 
difficult to foretell accurately which logs are best for one product and 
which for the other. It is highly important to forest utilization to 
work out a scientific basis by which veneer logs can be distinguished 
from sawlogs for several of the major species. Similarly at the lower 
end of the quality range it is necessary to establish grades for material 
below sawlog quality, 1. e., bolt material and logs best adapted to pulp 
and chemical wood. 

Logging and milling methods for woods waste.—Utilization of 
woods waste and low-grade timber is dependent on specialized equip- 
ment to reduce handling costs. Leads are opening up for developing 
radically new methods. It is highly important that new designs and 
types of equipment be sought out and tested and encouragement and 
leadership given to the development of the most advanced mechanized 
methods, 
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Improved saws and influence of sawing variables.—Recent work on 
saw performance has opened new vistas as to possibilities that exist for 
reducing sawdust waste and miscut lumber through the development 
of improved saw designs and better saw alinements. The industry 
now insists that too much dependence has been placed on rules of thumb 
and that technical progress in this field is long overdue. They look to 
the forest products laboratory for continuing the work started in this 
field and for expansion of it as rapidly as possible. 


Woop Use DreveLorMENT 
(FS—E-1-—14—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Increase the use of kinds, sizes, and qualities of timber 
products that under good forestry practice should be removed from 
the forest and put to profitable use; (2) determine the technical 
requirements of various wood-consuming industries, including the 
machining properties and allied characteristics of the various woods; 
and (3) work out improved systems of selecting and grading; and 
(4) to experiment with new designs for improved special products 
or equipment making use of low-grade material. 


B. CURRENTLY ACTIVE LINE PROJECTS 


K-1—14—-1—-Cut-stock outlets for dense softwood species. To deter- 
mine the types of industrial users of wood who may be in position to 


use ready-cut small-dimension material (cut stock) in lieu of standard 
lumber, and the nature of their requirements relative to dimensions, 
quantities, degree of seasoning, and allied factors. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The project was initiated in the early 1920’s, and was developed in 
conjunction with industrial groups of both consumers and producers 
to deal with some of the long-range but practical problems of the 
industry in increasing the serviceability and acceptance of low-grade 
lumber and little-used species. For the first 5 years, intensive field 
analyses were made of the use requirements of the major wood-con- 
suming industries with respect to properties needed, cutting sizes, and 
admissible defects. Part of this work culminated in the late 1920’s 
in improved lumber-grading standards. Another part was directed 
during the late 1920’s and 1930’s to the furthering of industrial use 
of so-called hardwood dimension stock (ready-cut small-dimension 
hardwood). Study of possibilities for increasing the use of little-used 
softwood species for construction was stressed in the 1930’s to meet 
requests for assistance from the national forest administration. 

During the 1930’s extensive study was also made of methods for 
overcoming some of the machining, selection, and utilization diffi- 
culties encountered in the use of refractory southern hardwood 
species. The project reached the climax of its activities about 1935. 
At that time work was also underway to assist the Civilian Con- 
servation Corps program by investigating uses for thinnings and cull 
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material, and developing equipment for forest pruning. By 1940 
much of the work had been brought to logical completion, and was 
substantially reduced. During the early years of World War II, 
investigations were made to test the use of wood for generating gas 
for internal- combustion engines, especially for use mn China. “At 
present, work is underway on the industrial uses of softwood cut 
stock to provide markets for low-grade lumber from western mills. 


D. FUNDS—-ANNUAL EXPENDITURES 


This project has been financed mostly from regular funds varying 
from about $14,000 in 1921, $40,000 in 1925, to $65,000 in 1935 at 
which time it was financed yartially by emergency conservation work 
funds. By 1940 the e: ependiteres had been reduced to about $20,000 
and by 1950 to $10,000, all regular funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Standard hardwood lumber grades were developed in cooperation 
with the industry, based on the factual data on requirements of both 
the consuming and producing branches. The grading system has 
been adopted as the one standard system for the United States, and is 
also used largely in Canada and in foreign trade transactions. 

Hardwood dimension stock has become a major product of the 
hardwood trade to a substantial degree because of the intensive mill 
and factory studies conducted under this project. The Laboratory’s 
work in this field has provided much of the technical ground work for 
a major shift in hardwood industrial usage from about 10 percent 
dimension-stock utilization in 1925 to more than 50 percent in 1950. 
Consulting advice has been given to numerous individuals and groups 
on the basis of which several have established new plants to produce 
dimension stock. 

Dimension building panels have been developed, patented, and 
demonstrated whereby dimension cuttings can be used in the house- 
construction field as well as by the fabricating industries. In a 
modified form this type of building panel is in production by a new 
plant in the Pacific Northwest. 

Nine Government bulletins have been published on various aspects 
of dimension-stock utilization, little- Sm species, machining charac- 
teristics, and proper use of lumber in farm and home construction. 
Numerous less formalized publications have also been issued by the 
Laboratory embodying the results of work on this project. 


F. SOME ADDITIONAL WORK NEEDED 


Outlets for softwood cut stock.—The fabricating industries that can 
use cut stock in lieu of standard lumber, especi ially the dense softwood 
species, need to be studied with greater intensity than heretofore. The 
potential outlets for cut stock are known to be large but information 
is lacking as to specific product items for which cut stock can be used, 
and the exact sizes and qualities required. This information is con- 
sidered to be of great importance to improved forest utilization, espe- 
cially in the Pac ific Northwest. 
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SrrRUCTURE AND IDENTIFICATION OF NATIVE AND Foreign Woops 
(FS—E-1-15—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain detailed data on variations in the cellular structure of 
native and foreign woods that will make possible identification of 
the genus and in many cases the individual species of the 845 tree 
species native to the United States and the hundreds of foreign species 
now being introduced commercially from many parts of the world. 
This work is aimed toward world-wide punch-card system for record- 
ing and classifying the diagnostic features of wood. 


B. CURRENTLY ACTIVE LINE PROJECTS 


K-1-15-1—Structure and identification of native and foreign 
woods. To: (1) Find distinguishing features of various woody 
species through microscopical ex xamination of known samples; and 
(2) make comparativ e classifications of these features of woods of 
different genera, subgenera, and species. 

E-1-15-2—Information on foreign woods. To compile in useful 
form, from all available sources, data on the characteristics of foreign 

woods, and to publish such information. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work in wood identification was begun at the Forest Products 
Laboratory in 1912. It has consisted of two parts: One to identify 
wood samples, and the other to study wood structure to obtain new 
data for identification of additional: species. The value and use of 
wood identification was realized during World War I when it was 
required for the accurate identification of aircraft woods. From time 
to time, keys for wood identification have been prepared for various 
groups of native and foreign species. These have had use within 
the scope of the identifying characteristics of the genera and species 
included. There is need of a general key that includes both native 
and foreign species. More than 3,000 wood samples, about one-third 
of them of foreign origin, are identified annually for other Govern- 
ment agencies and the general public. 


D. FUNDS—-ANNUAL EXPENDITURES 


The costs of this work increased slowly, from an initial expendi- 
ture of $5,000 per year in 1912 to $15,000 per year in 1945. During 
the last 5 years, expenditures have increased until in the fiscal year 
1950, $32,000 was allocated for this work, all from regular funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Developed keys for the identification of our native commercial 
timber species.—These were based on studies made on wood sections 
taken from various heights in the trees and at different distances from 
the pith. Publications in this field have dealt with the identification 
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of woods used for ties and structural timbers and for furniture, in- 
cluding species of mahogany and some mahogany substitutes. 

De veloped a method for the separation of longleaf pine from other 
southern yellow pine timbers, using measurements of the pith and 
second annual ring. 

Developed the use of ultraviolet light to separate wood of aspen 
from cottonwood, species which could not be rehably separated on the 
basis of their internal structure. This method has commercial 
applic: yey 

Developed a system whereby anatomical data of wood species are 
adapted to sorting and tabulation with mechancial devices for the 
purposes of identification and correlation studies. More than 400 
features of wood structure can be included. 

Identified nearly 100,000 wood specimens for Government agen- 
cies, industry, and private individuals since the initiation of the wood 
identification service. 

Published information leaflets about each of 21 of the more im- 
portant foreign species. Preliminary manuscripts, containing in- 
formation on 60 additional foreign € are have been prepared. 

Assembled a wood collection numbering over 14,000 specimens of 
native and foreign species that are available for anatomical study 
and comparisons in wood identification. 


F. SOME ADDITIONAL WORK NEEDED 


Anatomical characteristics of wood will continue to be of prime 
importance in identification work, but more intensive studies are 
needed to assess the value of secondary characteristics which, in many 
instances, appear to have considerable diagnostic value. The punch- 
card system must be expanded and perfected as a means of recording 
these data and facilitating their use. 

The extent of variability of various tissues within a given species, 
as well as that of closely related species and those of similar appear- 
ance, needs determination in order that more authentic identifications 
may be made. 

The use of ultraviolet light as a means of identification needs further 
investigation, because exploratory research has shown this character- 
istic to be of considerable value. 

Simple chemical reactions with wood and wood extracts, which are 
evidenced by color or precipitates, have very definite possibilities in 
the identification of species and sections within the genus and should 
be explored. 


Reiation or Growtu Conprrions To Woop QUALITY 


(FS—E-1-16—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine the effect of environmental conditions, natural, 
cultural or experimental, on the structure and properties of woo 
in order to show how to improve the quality of wood to be grown in 
second-growth stands, and (2) evaluate better the quality of existing 
old- crowth and second-growth timber. Present work deals with 
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second-growth Douglas-fir, second-growth ponderosa pine, and 
second-growth southern pines, to evaluate the wood as produced on 
soils of different site quality, or as influenced by stand density on 
different sites, and by silvicultural practices that ‘affect the width of 
growth rings in trees. In addition, the relation of the proportional 
amounts 0 “springwood and summerwood to the density, strength, 
and other characteristics of wood are being studied. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-16—-1—Relation of growth conditions to wood quality. To 
determine the influence of different forest conditions, silvicultural 
practices, and forest site qualities (site quality is measured by the 
relative height growth of trees in a given period) on the specific grav- 
ity, shrinkage, and other characteristics of second-growth west coast 
Douglas-fir; and thus to learn how to manage the forest to produce 
wood of the desired quality. 

E-—1-16-2—Variations in quality of second-growth ponderosa pine. 
To (1) determine the variation in quality of second- growth ponderosa 
pine throughout its geographic and environmental range in the 
United States and (2) provide basic information about the effects 
of site and silvicultural management on the wood quality of this 
species. 

E-1—16-8—Variations in wood structure by growth control. To 
determine the relationship of the relative size of crowns of trees to 
the development of different components of wood structure, such as 
springwood and summerwood, in the southern pines, as a means of 
controlling the quality of the wood. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies of the influence of growth conditions upon wood prop- 
erties were begun in 1922. The initial studies were made on broad- 
leaved species, ‘including white ash and the hickories. In those studies 
wide differences in the density of wood of individual trees were 
encountered and a relationship worked out to show how changes in 
growth rate during the life of trees influenced wood-density and 
strength. This finding was verified for other broad-leaved species 
by subsequent studies. 

Among coniferous species, studies of the southern pines showed 
important differences in specific gravity of widely spaced and closely 
spaced trees on the same site. Wood of high specific gravity had 
greater proportions of sammerwood than springwood in the growth 
rings. Later, more detailed studies revealed considerable variation 
in the density of both springwood and summerwood, the lower- 
density summerwood being associated with unusually wide growth 
rings. Other investigations of conifers have shown the importane e of 
site quality to the density of the wood, especially when extremely dry 
sites were involved, such as the Nebraska sand hills. On some dry sites 
irrigation incre eased the development of summerwood. Recently, 
studies of the variability of Douglas-fir and ponderosa pine on sites 
of different quality have been undertaken. 
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D. FUNDS—-ANNUAL EXPENDITURES 


From an initial allotment of about $9,000 per year, from 1922 to 
1927, funds have increased slowly to approximately $36,000 in fiscal 
year 1950, all from regular funds. During the depression years 
some additional help was provided from relief funds. On the other 
hand, during World War II there was a loss of personnel due to 
service in the Armed Forces and diversion of effort from this project 
to other work. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determined the effect of change in diameter- -growth rate of ring- 
porous hardwoods upon specific gravity of the wood. —Discovery 
that reduction in diameter-growth rate in ash and hickory resulted in 
the formation of wood of inferior strength, especially under long- 
continued competition in old-growth forests, showed how proper sil- 
vicultural practices could control wood quality in hardwoods. This 
led to recommendations for maintaining vigorous growth, especially 
in second-growth hardwood stands when wood having high strength 
and shock resistance was desired for such uses as tool handles and 
textile-mill picker sticks. This information also furnished a visual 
standard for quality judging that could be used to select material of 
high strength. 

Showed the effect of soil moisture supply upon the development of 
summerwood.—It was discovered that in longleaf pine on very dry 
sites, tree growth in diameter may be practically at a standstill during 
the summer months, and that in such cases the annual growth rings 
are deficient in summerwood unless additional soil moisture is made 
available. When such trees were irrigated systematically throughout 
the growing season, both springwood and summerwood increased in 
width, summerwood proportionately more than springwood over a 
3-year period. 

Variations in density of springwood and summerwood.—The dis- 
covery that both springwood and summerwood vary in density has 
helped to explain examples of low specific gravity in wood of the 
southern pines and Douglas-fir that apparently contained sufficient 
summerwood to yield wood of at least average density. 

Discovered high longitudinal shrinkage of wide- -ringed, low- density 
wood.—In the southern pines, bowing and cracking in pieces of wo ood 
consisting partly of wide rings (less than four to the inch) and partly 
of narrower growth rings was found to result from the fact that wide- 
ringed, low-density wood had higher longitudinal shrinkage than 
wood of narrow rings in the same piece. This showed the need for 
restricting initial diameter- growth rate in young stands and planta- 
tions, either by very dense initial stocking or by early crown contro! 
through pruning. 

Discovered causes of differences in wood of old growth and second 
growth—In hardwood species it was found that most second-growth 
stands, because of more thrifty growth, produce wood averaging about 
10 percent heavier than old growth. With such species as “yellow 
poplar, the difference was even | greater, the heavier and harder second 
growth performing unsatisfactorily in many of the accustomed uses 
for old-growth lumber. On the other hand, it was found that open 
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stands of second-growth southern pines and Douglas fir at first produce 
lower-density wood than the old growth, but produce wood more like 
old growth when the stands are fully stocked. 


F. SOME ADDITIONAL WORK NEEDED 


Studies of Douglas-fir growth characteristics should be extended to 
the low-rainfall areas of the Inland Empire, and to the stands at 
higher elevations along the Rocky Mountains from Montana to New 
Mexico. 

Studies of the influence of environment upon the characteristics of 
ponderosa pine should be extended throughout its range as rapidly 
as possible and similar investigations should be made on western hem- 
ide, lodgepole pine, the several true firs, second-growth redwood, and 
certain other species associated with them. 

Additional studies of the southern pines are needed to determine how 
to manage stands for the production of a maximum weight yield of 
wood per year. For the production of pulp and paper it is tonnage 
that counts, not board feet. 

Studies of the characeristics of the wood of hybrid pines should be 
undertaken as soon as material is available to assist in the important 
work of developing trees of improved yield and quality. 

The many hardwood species of the woodlots in the Eastern States 
need study so that farmers may learn how to grow trees having wood 
of desired density for specialty items that w ill give a more profitable 
return than ordinary lumber. Knowledge is needed as to the condi- 
tions under which broad-leaved species may be successfully pruned 
and lumber grades improved. 


RELATION OF Woop Srrucrure anp CHemicat Composirion TO 
STRENGTH AND OrnHer PROPERTIES 


(FS—E-—1-17—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) determine effects of structure and chemical composition of 
wood on its strength and shrinkage; (2) develop practical methods 
of detecting defects and types of wood structure that impair the serv- 
iceability of wood; and (3) improve service of wood by better selection 
for uses that need relatively high strength or stability under the usual 
changes in moisture content. Present work deals with types of wood 
structure that cause lumber to warp and have relatively low strength. 
Work is also in progress on the relationship of properties of wood 
to different kinds of fibers, in order to discover basic causes of large 
variations in strength and shrinkage not explained by the weight of 
the piece. 


B. CURRENTLY ACTIVE LINE PROJECT 


E-1-17-1—Basic anatomical features affecting properties of wood. 
To develop a practical method for detecting abnormal tension wood in 
hardwood species. This causes serious warping and damage to the 
surface of lumber when it is machined. 
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Cc. HISTORY AND EVOLUTION OF THIS WORK 


Studies of the effects of structure on the properties of wood started 
about 1923 with research on causes of brashness, a condition in wood 
that causes it to fail suddenly and completely at much smaller loads 
and deflections than tough wood. The first studies led to recognition 
of abnormal types of wood or structural defects of the fibers that 

reduce strength of wood as well as cause warping and poorly machined 

surfaces. From such information practical methods for detecting 
structural defects have been developed to improve selection of wood 
and diagnose causes of its unexpected failure in service. Information 
obtained prior to World War II was used to improve specifications and 
to aid in selection of large amounts of material meolel for military 
aircraft. This project is coordinated with other work dealing with 
growth, properties, and the chemical nature of the wood. Causes of 
unusual failure in test specimens are determined, and other basic 
information on the effect of structure on properties of wood accumu- 
lated so that it can be used continuously to improve the service of 
wood. Studies of the characteristics of trees which produce wood 
with unsatisfactory behavior are also under way. 


D. FUNDS—-ANNUAL EXPENDITURES 


From an initial expenditure of about $5,000 per year of cooperative 
funds, for the years 1923 to 1925, work has ben continued from regular 
funds in slowly increasing amounts reaching approximately $15 000 
for the fiscal year 1950. ‘From 1942 to 1945 regular funds were in- 


creased by cooperative funds to a total of about | $20,000 per year for 
those years. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination of causes of brashness which result in sudden and 
complete breakage at small loads.—Important causes of brashness 
were found to be scarcity of thick-walled fibers and damage, known 
as compression failure, to fibers by compression along the grain caused 
by violent winds or rough handling of logs and lumber. Practical 
methods for detecting these compression failures even when they are 
microscopical in size ‘have been dev eloped so that lumber having this 
defect can be detected by inspectors and rejected for aircraft, ladders, 
and other uses where safety is a vital factor. 

Development of practical methods to detect compression wood.— 
Opacity of compression wood in contrast to translucence of norma! 
wood was discovered and used in the development of a practical 
method to detect this abnormal wood. Thus softwood lumber that 
contains compression wood can be rejected for aircraft parts and other 
uses because such lumber is not dependable for uses requiring maxi- 
mum strength and stability with ordinary moisture changes. 

Determinations of effects of fiber structure on wood properties.—It 
was discovered that wood had relatively low stiffness si somewhat 
excessive longitudinal shrinkage when the submicroscopic fibrils, 
which make up the cell wall, are arranged at large angles to the 
length of the fibers. This relationship was characteristic of some 
southern pine, of low-density bottom-land ash, and of creek-bottom 

ish with high density but extremely low stiffness. 
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Development of mandrel bending tests for veneer—A practical test 
for detection of cross grain in veneer was developed for use in selection 
of veneer for plyw ood to meet specifications for military aircraft. 

Determined characteristics of tension wood in hardwood lumber and 
veneer.—Presence of abnormal fibers, which characterize tension wood, 
were found to be associated with rough surfaces and serious warping 
in hardwood lumber and veneer. Longitudinal shrinkage was found 
to increase as the abnormal fibers increased in numbers. 


F. SOME ADDITIONAL WORK NEEDED 


Structure of fibers—Studies of basic anatomy of fibers need to be 
expanded to determine relationships of amounts of different kinds of 
fibers and their minute structure to properties and behavior of wood. 
Some earlier studies have shown that increasing angles of submicro- 
scopic ‘strands in the cell wall are associated w vith increasing longi- 
tudinal shrinkage and also with decrease in some strength properties. 
Basic information on anatomy of the wood promises to explain rela- 
tively large variations in strength and shrinkage not due to density 
or defects, and to lead to simplifies tion of methods for evaluating new 
species or wood from new sources, without complicated tests. 

Tension wood.—Information is urgently needed on characteristics 
of tension wood in logs and green lumber in order to detect this abnor- 
mal type of wood before too much money has been invested in process- 
ing it and thus avoid waste of valuable material and labor. 

Be nding oak.—Additional investigation of sources and character- 
istics of white oak for boat frames is necessary in order to learn how 
to select wood of good bending properties and to avoid wood that is 
poor in this respect, thus minimizing failures during bending of parts 
for small boats. 


Improvine YIELD AND Quauiry or Putr 
(FS—E-1-—1S—Federal—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To improve the yield and quality of pulp through basic investiga- 
tions of wood pulping methods, chemical and mechanical treatments 
of pulp, and studies of fiber and pulp properties. 


B. CURRENTLY ACTIVE LINE PROJECTS 


EK-1-—18—1—Improving the yield and quality of pulp through basic 
investigations of pulping methods. To (1) improve the yield and 
quality of pulp through basic investigations of the effects and means 
of controlling the variables of chemical, semic hemical, and mechan- 
ical pulping; and (2) develop new pulping methods and improve old 
ones, 

K-1-18-2—Developing and improving chemical and mechanical 
processing treatments for pulps. To study bleaching and other chem- 
ical treatments, and the mechanical beating and milling of pulps to 
improve their quality and render them suitable for various uses, both 
individually and in combinations. 
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E-1-18-3—The relationship of fiber and pulp properties to the 
properties of pulps, papers, and allied products. To (1) identify and 
measure the fundamental properties of fibers and pulps and (2) cor- 
relate these properties with those of the paper and pulp products made 
from them. 


C. HISTORY AND EVOLUTION OF THIS WORK 


When these basic studies and related work were started, the indus- 
trial production of pulp for paper and board was carried on largely 
by rule-of-thumb methods with resulting inefficient operation and 
uncertain quality. Some of the basic technology of the ground-wood 
pulping process was worked out by the laboratory between 1910 and 
1915. Around 1920 work was started to accumulate systematic infor- 
mation on the effects of the variables of the standard sulfite and sul- 
fate pulping processes. Since then much basic information on all 
pulping processes has been obtained and theories advanced to describe 
their mechanisms. Newer pulping methods have been developed, par- 
ticularly for high-yield pulps. 

By 1920, studies on the bleac ‘hing of southern pine and gum sulfate 
pulps had advanced to successful pilot- plant operation and the appli- 
cation of the method to sulfite pulp was begun. This two-stage treat- 
ment with bleaching powder eventually developed into the chlorine- 
hypochlorite method. More recently, work on the bleaching of semi- 
chemical pulp by this and other methods has been an important factor 
in extending the usefulness of this high-yield type of pulp. In 1935 
the Laborator y published the results of work on a peroxide method of 
bleaching softwood ground-wood pulp which indicated the principles 
now used in a commercial process. Recently, successful experiments 
on a hypochlorite method of bleaching hardwood ground-wood pulps 
have been made. Methods of purifying pulps for use in ex xplosives, 
textiles, and plastics have also been advanced. 

As early as 1925, the study of fiber and pulp properties, the means to 
measure them, and tlie development of relations between their prop- 
erties and those of the end products had proved useful in the com- 
mercial classification of pulps on the basis of strength. In the con- 
tinuation of this work, emphasis has been placed on obtaining basic 
information essential to the use of pulps for specific products. 


D,. FUNDS--ANNUAL EXPENDITURES 


The amounts allocated to these projects, which have come from 
regular and cooperative funds, varied from about $15,000 to $25,000 
during 1920 to 1925. From 1925 to 1935, they varied from about 
$25,000 to $40,000. From 1935 to 1945 they ranged from about $40,000 
to $72,000. The expenditure of $72,000 in 1942 was largely used to 
improve the facilities for pulp-bleaching studies. From 1945 to 
1950 the annual expenditures have varied from about $30,000 to 
$60,000, amounting to about $35,000 in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Basic information has been obtained on the variables of the stand- 
ard chemical, semichemical, and mechanical pulping processes that 
has led to increased knowledge of the theories of pulping, significant 
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improvement in yields and pulp quality, development of pulps with 
specific properties, utilization of various unpopular species, and im- 
proved industrial practice. 

A semichemical pulping process was developed and patented that 
gives yields of unbleached and bleached pulps up to 50 percent higher 
than conventional chemical pulp yields and produces exceptionally 
high-strength pulp. The process is particularly applicable to the hard- 
woods and is rapidly finding commercial use. Production of semi- 
chemical pulp in this country is now more than 2,000 tons daily. 

Other processes or modifications of old ones have been developed that 
have pointed the way toward further improvement in pulp yield and 
at the same time introduced new species. These include (a) a cold 

caustic soda process for producing pulps for corrugating board and 
slasher uses with only a 10-percent loss in the wood; (6) a modified 
sulfate process utilizing the continuous flow of a low-concentration 
liquor for pulping to produce better pulps in less time; (¢) pretreat- 
ment of wood for grinding to produce mechanical pulps of improved 
quality; (@) adaptation of neutral sodium sulfite pulping to hard- 
woods and resinous wood to produce pulps of outstanding quality; 
and (e) determination of the effectiveness of special agents like nitric 
acid, phenol, and dioxane, and establishment of their particular ad- 
vantages for possible future application when circumstances may be 
favorable. 

A pulping-chemical recovery process was developed for the sodium 
sulfite process which improves the operation economies for this proc- 
ess and helps to eliminate stream pollution. This process is used in 
principle in a Swedish mill and is under investigation by an Ameri- 

ean mill. 

Pulp bleaching —The principles of the one-stage bleaching of sul- 
fite pulp and the multistage chlorine process for the production of 
strong, white sulfate pulp “from pine were established for industry. 
Procedures for bleaching semichemical and other hardwood pulps for 
specific uses have been applied industrially. Procedures were devel- 
oped for purifying hardwood and softwood pulps for rayon manufac- 
ture. The possibilities of a peroxide method of bleaching groundwood 
were published and subsequently developed commercially. 

Wet-strengthening treatment.—A sizing treatment involving the 
use of asphalt and small amounts of synthetic resins was dev eloped 
which improved the water resistance and strength of shipping con- 
tainer board. 

Measurement of fiber, pulp, and paper properties —Many methods 
have been devised for the measurement of fiber and pulp properties. 
These tests have provided basic information on the nature of the 
mechanical beating of pulps, moisture sorption of pulps, and their 
drainage characteristics and chemical composition. The correlation 
of density and tensile strength of paper was established. Some ef- 
fects of the distribution of fiber sizes in pulps on the properties of the 
products made from them have been determined. 


F. SOME ADDITIONAL WORK NEEDED 


Variables of pulping processes.—Although much information on the 

variables of the major pulping processes has been obtained and used, 

additional basic investigations are needed to (a) improve present op- 
78552—51—-vvol. 2———44 
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erating efficiencies and quality control, (6) modify present theories 
or make them more precise, (¢) adapt processes to different species, 
new equipment, and new pulp-use requirements, and (d) increase 
theoretical knowledge and practical application of new processes. 

New processes —To meet the changing requirements of species, eco- 
nomies of operation, and quality and properties of paper products, 
there is need to modify existing pulping processes and to develop new 
ones. This is especially so in the field of the high-yield pulps and 
pulps from the hardwoods. 

Recovery of pulping chemicals —The commercial application of a 
new pulping process requires a method for recovering any pulping 
chemicals that may be used, in order to operate economically and pre- 
vent stream pollution. Recovery processes are particularly needed 
for the new high-yield pulping methods. 

Wood anatomy and growth characteristics —The effects of growth 
characteristics, fiber dimensions, and other features have been recog- 
nized as means of classifying species for certain pulping and paper- 
making purposes. In order to increase the usefulness of wood for 
these purposes, it is desirable to determine the fundamental effects 
on pulp yield and quality of certain physical properties of wood, in- 
cluding fiber length, cell-wall thickness, hardness, toughness, density, 
and other basic structural properties, irrespective of species or classes 
of species. 

Fiber properties and pulp processing—Basic information needed 
for all practical applications includes: (1) The influence of fiber size 
distribution and the condition and amount of external surfaces of 
fibers on the drainage and strength characteristics of pulps, the take-up 
of chemicals, and their ability to stick together; (2) relations between 


the basic physical and chemical structure of fibers and the physical 
and chemical processing treatments used in modification for end uses; 
(3) the chemistry of multistage bleaching and the influence of condi- 
tions in single-stage bleaching of semichemical pulps; (4) the chemis- 
try of the action of certain bleaching chemicals on softwood ground- 
wood pulps; and (5) bleaching and purification treatments for hard- 
wood sulfate pulp for explosives and other chemical uses. 


DEVELOPING AND ImprROvING Pur AND Paper Propucrs 
(FS—E-1-19—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop and improve pulp and paper products by studying fab- 
rication methods. This includes: (1) Investigations of the variables 
that influence the properties of pulp and paper products and how to, 
control them in order to obtain the desired properties in the finished 
products; (2) studies on the use of wastewood for boards and other 
products; and (3) the development of paper plastics and molded pulp 
products, 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-19-1—Improving the quality of paper, paperboard, and wall- 
board by studying fabrication methods. To: (1) investigate the 
effect of a paper-machine and other fabricating variables on the 
properties of pulp and paper products and develop means for contro! 
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essential to attainment of the properties desired; (2) study resin- 
fiber combinations for the production of paper plastics and molded 
pulp products; and (8) investigate the use of waste wood in making 
hardboard and insulating board. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Early work on the suitability of different kinds of wood for pulp 
and paper manufacture depended largely on chemical analysis of the 
pulps and the strength of small test sheets made from them. This 
approach, although sound and still useil, proved to be inadequate as 
(he paper industry went into new paper specialties and made better 
and cheaper paper and each grade was specified more completely. As 
a consequence, much additional knowledge of the physical and chemi- 
cal properties of pulps and papers was needed in order to translate lab- 
oratory results into practice in industry. More knowledge was needed 
of paper-machine operation and of how to make standard papers from 
new woods or new paper specialties from standard and new kinds 
of wood pulp. Basic information on the effects of more than 100 
machine variables was sought in paper-machine experiments. Vari- 
ous new woods and pulps have been evaluated and much information 
on process variables has been accumulated. During World War II 
and since, a number of new pulp and paper products have been 
developed. 


D. FUNDS—-ANNUAL EXPENDITURES . 


The annual expenditures for this work ranged from about $10,000 
to $20,000 duri ing the period 1928 to 1935; from 1935 to 1942 the funds 
ranged from $15,000 to $20,000, almost entirely from regular funds. 
From 1942 to 1945 the regular funds were supplemented | by coopera- 
tive funds and allocated to work on pulp and paper products essential 
to the war effort. They ranged from about $20,000 to $70,000. Since 
1945 the expenditures have ranged from about $20,000 to $45,000, 
coming from regular and cooperative funds. In fiscal year 1950 the 
expenditure was s nearly $50,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Fundamental information has been obtained on stuff-preparation 
and paper-making variables, resin treatment, additions of starch and 
clay, and other variables in the making of paper, paperboard, and 
wallboard, and a large variety of commercially acceptable papers has 
been made. The technological information thus developed is essen- 
tial to the objectives of related projects concerned with diversification 
of species for pulping. 

A resin- impregnated paper plastic of high tensile strength, known 
as “Papreg,” was developed which is new in commercial production. 
Kight companies now produce the laminating paper, the molded 
p lastic, or both. The value of this quality of resin-treated paper pro- 
duced during the past year is estimated to be more than $5,000,000, 

while the value of the finished products was much greater. During 
W orld War II this plastic was used in aircraft gun- -turret assemblies ; 
in the proximity fuse; in strong, wear-resisting flooring for cargo 
planes; and in the structure and floors of gliders. Thousands of am- 
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munition boxes were made nam it. Peacetime uses have been devel- 
oped in prefabricated housing, trailers, tables, and panels requiring 
more strength than conver ntion: a paper plastics have. 

Effects of the resin content on properties of ove rlay paper.—Inves- 
tigations of how resin content affects strength, wearing quality, and 
other properties of overlay papers as surfaci ings for veneer and ply- 
wood has assisted manufacturers to select economical blends of raw 
materials for improving the smoothness and wearing characteristics 
of plywood and for upgrading low-grade veneers. 

The etiects of the weight of paper, saturating resin content, and ty pe 
of adhesive were determined for making a honeycomblike structure 
from resin-treated, corrugated paper as a core in “sandwich” struc- 
tural panels. Economic use of resin and fiber was thus advanced. 
These findings are helping manufacturers to overcome industrial 
problems concerning sandwich panel construction. (Sandwich panel 
construction consists of strong and stiff sheet materials held apart by a 
thick, ightweight core material.) 

Many Spe cial test proce dures were deve loped during World War II 
to measure the performance of various packaging materials under 
severe conditions of military use and to establish requirements for 
paper packaging and shipping containers used by the armed services. 
Specifications and tests were developed for such materials as grease- 
proof and waterproof wrappings, gummed tape, water-vapor 1 resistant 
wrappings, pressure-sensitive tape, and adhesives for fiberboard boxes, 
case liners, labels and greaseproof wrappings. 


— 


F. SOME ADDITIONAL WORK NFFDED 


Paper-making variables —Al\though, as indicated above, much in- 
formation on the effects of paper-machine variables has been accumu- 
lated, much additional work is needed to develop more precise and 
theoretical knowledge and to cover variables not yet investigated. 
Information is needed so that different kinds of wood can be accurately 
evaluated for paper making. 

Wallboard and hardboard.—Basic investigations leading to the de- 
velopment of suitable board or sheet material from low-grade and 
wastewood should increase the opportunities for successful use of such 
wood and at the same time fulfill a need for low-cost covering. A sat- 
isfactory low-cost sheet might be used as a substitute for plywood in 
some uses or as a face material for plywood in others. Potential re- 
quirements for such material could not be readily met in the form of 
veneer because of limited supplies of high-grade veneer logs. 

Sandwich panels.—Additional researc ch is needed to find methods of 
combining paper honeycomb core material with thin, dense face mate- 
rials not used in conventional-type construction. The development 
of sandwich panels of this type for use in a wide variety of structures 
could result in savings in lumber, simplified building systems, and sav- 
ings in labor. 

Cc orrugated fiber containers.—Much more information on the rela- 
tionships between the properties of pulps, corrugating paper, and 
boxes made from them is needed for the better utilization of low- 
quality wood and to assist in the production of superior papers for 
fiber containers. 
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Resin-fiber combinations.—Research is needed to expand our fund 
of basic information on the nature of resin and fiber bonds for various 
kinds of resin and fibers. Combinations of resin and fiber can be used 
to develop materials having greatly improved strength, water resist- 
ance, density, and other properties which could be controlled over a 
much wider range than is possible using either material by itself. 


DIVERSIFICATION OF Specres AND Urimization or Woop Waste 
(FS—E-1-20—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To increase the utilization of various species of wood and of wood 
wastes for pulp, paper, and allied products. Current research is con- 
cerned with improving the acceptability of the unpopular but plentiful 
species and broadening their usefulness for various kinds of paper. 
Increasing their utilization will help relieve the heavy drain on the 
decreasing supplies of the favored species. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-20-1—Southern woods for pulp and paper. To increase the 
utilization of unpopular southern woods for pulp, paper, and allied 
products. 

E-1-20-2—Western woods for pulp and paper. To increase the 
utilization of unpopular western woods for pulp, paper, and allied 
products. 

E-1-20-3—Eastern and Lake States woods for pulp and paper. To 
increase the utilization of unpopular Eastern and Lake States woods 
for pulp, paper, and allied products. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigation on the diversification of species for pulping has been 
one of the m: Lin lines of pulp and paper research at the Forest Products 
Laboratory since 1910. In 1911 studies of the groundwood pulping 
characteristics of a number of species began, including many that since 
have come into common usage. In the e: early 1 920’s some 94 American 
woods were tested in a general way for their suitability for paper pulp, 
by conventional methods. During the 1930’s western hemlock, south- 
ern pine, and Douglas-fir were ev ‘aluated by the known pulping proc- 
esses. To get the best results from a particular type of growth, the 
effects on the pulp quality of such components as summer wood, spring- 
wood, and heartwood, and such factors as rate of growth and age, were 
studied for these species. In recent years emphasis has been pl: aced on 
evaluation of the hardwoods, ge nerally of low grade, and of wood 
wastes by standard and special processes, and on the usefulness of their 
pulps. 


D. FUNDS—-ANNUAL EXPENDITURES 


From 1910 to 1920 the annual expenditures of regular and coopera- 
tive funds for the investigations on'the suitability of American woods 
for pulp and paper ri anged from about $10,000 to $55,000. From 1920 
to 1930 they ranged from about $55,000 to $80,000, and from 1930 to 
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1935 from about $80,000 to $65,000. From 1935 to 1940 they varied 
between about $65,000 and $97,000. During World War II (1940 to 
1945) annual expenditures for species work were reduced to about 
$20,000 to $28,000. Since 1945 they have ranged from about $100,000 
to $70,000. The expenditures of regular and cooperative funds in 1950 
were about $95,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Significant contributions were made in the establishment of the pulp 
and paper industry in the South, which now produces from southern 
pine about half the pulp manufactured in the United States. Inform- 
ation on the pulping of longleaf pine was reported as early at 1914. 
Extensive information obtained later on the pulping characteristics of 
the other southern pines and the effect of wood properties on pulp 
quality has been incorporated in mill practice. Pulping and bleaching 
methods were developed which formed the basis for industrial expan- 
sion in the manufacture of white papers from southern pine. The 
recommendation for the manufacture of newsprint from a combina- 
tion of pine ground wood and semibleached sulfate pulp has been 
followed by the two large mills now manufacturing newsprint in the 
South. 

The sulfite pulping of western hemlock and sulfate pulping of 
Douglas-fir, the basis of the large west coast pulp industry, has been 
improved by the information obtained from extensive investigations of 
the pulping of these species. Wastes from Douglas-fir, western red 
cedar, and white fir sawmill operations were successfully blended to 
yield a high-quality sulfate pulp, and certain strength deficiencies in 
the Douglas-fir pulps were compensated for in the blends. As a direct 
result of the Laboratory investigations, a mill is producing about 200 
tons a day of good-quality commercial sulfate pulp from these saw- 
mill wastes. Procedures were also developed for making insulat- 
ing board from various forms of Douglas-fir sawmill waste and low- 
quality material. Following the Laboratory procedures, a large plant 
is now producing about 300,000 feet of insulating board daily. 

Many available hardwoods little used for other purposes, low- 
quality woods, and wood wastes have been successfully converted at 
the Forest Products Laboratory into semichemical pulp suitable for 
corrugated container board and for numerous other uses. The first 
commercial semichemical corrugating board was made from tannin- 
extracted chestnut chips, but the usage has now expanded to include 
other kinds of hardwoods. The high quality and low cost of hardwood 
semichemical corrugating board has brought about a rapid expansion 
during the past few years so that now more than 2,000 tons a day are 
manufactured in 19 mills. Most of these mills are located in the South. 
Within the past year and a half, six new mills were established in the 
Lake States to produce corrugating board from aspen. The new 
market for low-grade hardwoods established by these mills has become 
an important factor in the utilization of low-quality hardwoods not 
extensively used for other purposes. 

Following extensive Laboratory experiments in the development of 
procedures for bleaching hardwood semichemical pulps and their us: 
in white papers, the commercial use of bleached aspen semichemica! 
pulp in book papers was established about 2 years ago. Further use of 
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bleached hardwood semichemical pulps is anticipated in such commer- 
cial grades as bond, waxing, glassine, and other white papers. 

W oods-rum mixtures of as many as nine eastern hardwoods were suc- 
cessfully substituted for scarce spruce sulfite pulp in the manufacture 
of high-quality bond paper. Procedures were established for conver- 
sion of these mixed hardwoods into semichemical and sulfate pulps 
and for bleaching the pulps to attain high strength properties in the 
short-fibered hardwood pulps. As a direct result of these investiga- 
tions a large eastern manufacturer of bond papers is now making 
extensive alterations in his plant for the manufacture of bond papers 
for use of these hardwoods. The company has purchased a large hard- 
wood tract in Pennsylvania to supply a part of the wood requirements. 
The largest amount, however, is expected to be supplied from local 
farm woodlots. 

Liner boards from jack pine and aspen semichemical pulps have been 
demonstrated as feasible in mill-scale trials using laboratory-devel- 
oped procedures. Liner board has been made almost exclusively from 
sulfate pulps in yields of only 50 percent, whereas the new method uses 
pulps made in yields of 75 percent with consequent savings in wood 
and costs. One mill is expected to start shortly on using doth aspen 
and jack pine semichemical pulps in the production of high- strength 
liner board. 

Pulping aspen.—The conditions and practices of the sulfite, sulfate, 
ground wood, and semichemical pulping processes applicable to aspen 
were developed largely at the Laboratory. This wood, which is classed 
as a “weed species” and is available in large quantities is now used 
extensively by the Lake States pulp and paper industry. Several 
hundred thousand cords, amounting to about one-fourth of the total 
pulpwood consumption of the Lake States, are used annually in paper 
products in which the scarce spruce, balsam fir, and hemlock were the 
only woods formerly employed. The products include book, bond, 
greaseproof, tissue, and newsprint paper and insulating board. 

Dead and partially decayed wood has been shown to be suitable for 
use in substantial quantities in several grades of paper. The species 
investigated have been Douglas-fir, lodgepole pine, southern pine, jack 
pine, Engelmann spruce, white spruce, and aspen. Most of the tests 
indicated that, if sound, this kind of wood is practically as good as 
sreen-cut wood. As the result of these studies, dead jack pine and 
Engelmann spruce trees have been included in large National Forest 
timber sales to the pulp industry. 

The effects of deterioration of wood in storage have been the 
subject of several investigations from which recommendations on 
methods of storage, rotation of pulpwood piles, and the extent to which 
decayed wood can be used in pulp and paper manufacture have been 
applied with significant reduction in losses cause by decay 


F. SOME ADDITIONAL WORK NEEDED 


Additional procedures for making acceptable pulps from unpopular 
woods are necessary to utilize available wood resources to meet future 
requirements for pulp and paper. The supplies of preferred soft- 
woods, spruce, fir, hemlock, and pine are not sufficient to meet even our 
present needs. Wood resources available to supplement the softwoods 
now used include many species of hardwoods, certain softwoods avail- 
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able incident to logging operations but defective in quality for lumber, 
and various forms of woods and mill waste. The problem in the 
utilization of hardwoods for pulp and paper is concerned first with 
improving the pulp strength resulting from short fibers; also, the 
objection to other undesirable characteristics, such as dark color, large 
amounts of even shorter and thinner walled cells, excessive crook or 
knots, difficulty of bark removal, and other characteristics which are 
peculiar to certain species need to be overcome. Substantial progress 
has been made in the industrial usage of hardwoods in certain prod- 
ucts, and the behavior of a large number of species in pulping by 
conventional methods has been established. Before adequate utiliza- 
tion can be attained, however, much more work needs to be done to 
develop more suitable procedures for making different kinds of pulp 
from plentiful hardwoods that will meet exacting requirements for 
many kinds of paper, for viscose and acetate rayon, and other expand- 
ing chemical products. 

Pulp from wood waste.—A large potential source of wood for pulp 
lies in the six and a half billion cubic feet available annually as wood- 
waste. Some forms of this waste, such as slabs and edgings which are 
sapable of producing good-quality chips, can be used for high-quality 
pulp. Other forms of waste, such as small blocks of various shapes, 
sawdust, and shavings, present a more difficult problem. Pulping 
methods which could utilize chips of various sizes or crushed material 
are needed to convert blocks into high-quality pulps. Other less 
exact requirements can be met, however, without such a procedure. 


CHEMISTRY OF Woop AND CELLULOSE 
(FS—E-1-21—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain fundamental and applied information on the chemical 
composition of wood and its chemically converted and derived prod- 
ucts. Current emphasis is on the development of methods of prep- 
aration and chemical analysis of the cela derived from wood by 
chemical conversion. Further, research is being conducted to obtain 
additional fundamental information on the chemistry and submicro- 
structure of wood and its chemical products. 


B., CURRENTLY ACTIVE LINE PROJECTS 


E-1-21-1—Chemistry of alpha cellulose. To develop methods for 
isolating in greater yields, from fiberized wood, cellulose products hav- 
ing 95 percent or more of alpha cellulose for special uses, such as high- 
strength rayon, cellulose acetate, sausage casings, and bottle caps. 

E-1-21-2—Chemistry of hemicelluloses. To develop an insight 
into the chemistry of hemicelluloses with the object of developing 
valuable uses for these waste products from chemical wood-using 
operations and thereby simultaneously increasing completeness of 
utilization and decreasing stream pollution by the wastes from the 
chemical processing of woods. 

E-1-21-3—Conversion of wood and wood products by thermophilic 
bacteria. To develop means of obtaining vilaalie chemicals through 
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fermentation by thermophilic (heat-tolerating) bacteria from saw- 
dust and waste hemicelluloses from wood-processing operations. 

E-1-21-4—Chemical composition of wood. To: (1) Obtain funda- 
mental information on the chemistry of unaltered wood and wood that 
has been exposed to various service or artificially controlled conditions 
so as to determine, by comparison, which components have been af- 
fected by the service ; and (2) develop means for reducing degradation 
during service. 

E-1-21-5—Chemical microstructure of wood. To determine the 
chemical microstructure of various woods and the effect of chemicals 
on the chemical-microstructural properties of the wood and _ its 
components. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research was begun on a small scale in 1912 to compare the kinds 
and percentages of chemical components in the broadleaf and needle- 
leaf classes of wood, and in the heartwood, sapwood, springwood, and 
summerwood of the two classes. Concurrently the essential oils in 
the wood and the leaves of the needleaf species were isolated and 
analyzed for their composition, properties, and possible uses. Meth- 
ods were developed for the separation and purification of alpha cel- 
lulose and hemicelluloses from wood with a minimum of damage to 
the materials, which made possible additional studies of their prop- 
erties. Subsequent work pointed out the possibility of converting 
wood cellulose and hemicelluloses to valuable chemicals by bacteria. 


D. FUNDS—-ANNUAL EXPENDITURES 


This project is financed from regular funds. The approximate aver- 
age annual expenditure for the work from 1912 through 1920 was 
$7,000; from 1921 through 1930, $10,000; from 1931 through 1940, 
$14,000; and from 1941 to 1950, $30,000. The expenditure in fiscal 
year 1950 was $40,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Development of analytical methods for wood.—Present knowledge 
of the chemical composition of American woods is the result of early 
pioneering activities of the Forest Products Laboratory on the de- 
velopment ¥ analytical methods and the application of the methods 
to broadleaf and needleleaf woods. The developmental research 
supplied eaiade for determining, in a chemical sense, how the broad- 
leaf woods differ from the needleleaf woods. 

Toxicity of heartwood extractives.—Studies of the extractives from 
the heartwood of decay-resistant species demonstrated their toxicity 
to wood-destroying fungi, whereas extractives from sapwood and 
from the heartwood of low-dee ‘ay-resistant woods were nontoxic. The 
results of these studies showed that decay-resistant woods owe their 
durability to their soluble toxic extractives. 

Deve lopme nt of che mical method for the isolation of holoce llulose 
(cellulose plus hemicelluloses) —Holocellulose is a white fibrous solid 
composed of the cellulose and the hemicelluloses. Development of a 
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method for obtaining it from wood with a minimum of degradation 
paved the way for an improved attack on the chemistry of wood, in 
that it avoids overlapping of analytical results with those from previ- 
ous more drastic methods of analysis. 

Alpha cellulose in greater yields from wood.—Research on holocel- 
lulose showed for the first time that alpha cellulose, which is used for 
the manufacture of explosives, artificial silks, plastics, sausage casings, 
tire cord, and bottle caps, constitutes a substantially greater percent 
age of American woods than that indicated by previous more drastic 
means. 

Determination of source of acetyl groups in wood.—Demonstrated 
that the acetyl groups that exist in wood occur as hemicellulose ace 

tate of the hemicellulose portion. Earlier research reported the acety| 
of wood to be combined with the lignin. 

Source of methoxyl groups in wood.—Determined that one-seventh 
of the methoxyls are combined with the hemicelluloses in wood in 
stead of all being combined with the lignin as previously supposed. 

Isolation of hemicelluloses dire ctly from broadleaf woods.—De 
veloped a method for the isolation of hemicelluloses directly from 
broadleaf woods for comparison with hemicelluloses obtained from 
the holocellulose. 

Development of chemical-microscopical methods for the location of 
the wood components in fibers.—Did pioneer research on the structure 
and distribution of the wood components in the fiber wall that inspired 
recent research on the subject by other workers. 

Effect of orientation of the cellulose crystallites on the shrinkag 
of wood.—Developed a rapid microscopical method involving the use 
of polarized light and color photomicrography for determining ancl 
recording the arrangement of the cellulose crystallites in wood fibers. 

This development has led to a sound explanation of why wood shrinks 
less radially than tangentially. 


F. SOME ADDITIONAL WORK NEEDED 


Only a few woods have been thoroughly analyzed by modern meth 
ods. Basic information, obtainable by these methods, is urgently 
needed on the chemical composition and the chemical-mic rostructural 
properties of many more woods, including old and young growth, 
heartwood and sapwood, springwood and summerwood, and bark. 

Research on alpha cellulose—Alpha cellulose has many uses, each: 
of which has its own specifications. Accordingly, fundamental 
search on the chemistry and chemical-microstructure of the materia! 
is required to obtain information on how to treat and process it chem) 
cally for meeting the variety of requirements. 

Continued research on hemicelluloses.—Only initial fundamental 


research has begun on hemicelluloses. As an immediate continuation. 


work is required on the isolation and critical analysis of hemicellulos: 
from needleleaf woods. 
Hemicellulose derivatives.—As a means of determining the chemi 


cal constitution, chemical addition products, and possible uses for 


hemicelluloses, research is required on making cellulose derivatives. 
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Woop SaccuariricaTion (Hyprotysis) anp Lignin Propucts 


(FS—E-1-22—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain fundamental and applied information on: (1) The con- 
version of the carbohydrate portion of wood to sugars by hydrolysis 
methods, the utilization of the sugars as such, and their utilization by 
fermentation and various organism growth processes; and (2) the 
chemistry of lignin and products derived therefrom. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-22-1—Special wood-hydrolysis and process studies and special 
fermentation studies. (1) Continue search for improved hydrolysis 
methods; (2) give assistance to cooperating private and Tennessee 
Valley Authority plants in the production of wood sugar; (3) make 
hydrolysis tests on special raw materials; and (4) study. the fermenta- 
tion of wood sugar to glycerine and butylene glycol for explosives and 
synthetic rubber. 

K-1-22-2—Hydrogenation of lignin, wood, and wood products 
(reaction with hydrogen gas under heat and pressure). (1) Study 
the continuous hydrogenation of various types of lignin, using various 
catalysis and conditions, and characterize the resulti ing products; (2) 
continue study of means of liquifying lignin to put it in a more suit- 
able form for sepeenetiens (3) determine the suitability of the 
ier on fraction obtained by the hydrogenation of lignin for use 
in plasties; and (4) determine the conditions for converting wood 

ai to glycerine-type compounds by hydrogenation and, if favor- 
able, work out pilot-plant conditions for manufacture. 

K-1-22-3—Chemistry of lignin. (1) Study the isolation of lignin 
under conditions that avoid rearrangement and pelymerization ; ~ (2) 
study the cleavage of lignin under different conditions as an aid to 
determining its structure; (3) study ultraviolet-light absorption and 
other physical methods as means of characterizing lignin without 
resorting to its decomposition ; (4) study the solubility and plastic 
properties of various forms of lignin and its derivations and decom- 
position products as an aid to lignin utilization. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research on wood hydrolysis was started in 1910. The early work 
contributed to the establishment of two early commercial wood hydrol- 
ysis and fermentation plants in 1913 and 1916 which operated suc- 
cessfully through World War I. Yield of sugar in these plants was 
only about 25 percent. The plants were able to operate economically 
only while nA price of competitive blackstrap molasses was high. 
‘ontinued research at the Forest Products Laboratory and elsewhere 
led to the multistage German Scholler process which gave sugar yields 
of 40 to 55 pere ent. Research on the hydrolysis of w ood to sugar was 
discontinued in 1930 at the Laboratory and emphasis placed on mild 
hydrolysis for plastic production. Due to wartime shortages of 
alcohol, the Laboratory in 1945, under sponsorship of the Office of 
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Production Research and Development of the War Production Board, 
resumed investigations on the production of alcohol from wood. ‘This 
led to the development of the Madison wood-sugar process which gives 
high yields of sugar with minimum decomposition. Emphasis in the 
last few years has been on the production of wood molasses and yeast 
for animal feeding. 

Lignin rese: arch was initiated as a project in 1930. Early emphasis 
was on the isolation of lignin and its reactions. W ork on hydrogena- 
tion of lignin was started in 1938 on a batchwise basis and in 1949 on 
a continuous basis. 


D. FUNDS——-ANNUAL EXPENDITURES 


The work was originally supported from regular funds, expendi- 
tures ranging from about $3,000 in 1910, to about $16,000 in 1943. In 
1944, with the addition of cooperative funds, expenditures began to 
increase, amounting to a maximum of $80,000 in 1945 and decreasing 
to $42,000 in fiscal year 1950, 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Demonstrated that a multistage hydrolysis process is preferable to 
a singlestage process in the production of wood. sugar.—This finding 
led to multistage processes such as the Scholler process, replacing the 
earlier American process. 

Developed Madison wood-sugar process —This process produces a 
higher yield of undecomposed wood sugar in 4 hours than the best 
previous process produced in 18 hours. 

Developed a means of converting the wood sugar to a feed mo- 
/asses.—This involved working out a method of neutralizing the acid 
while still under steam pressure to make the precipitated calcium 
sulfate sufficiently insoluble so that it will not significantly lime up 
the evaporators. In general, 1 ton of wood waste yields 1 ton of 
molasses containing 50 pere ent of sugar. 

Determined that high yields of undecomposed sugar can be produced 
in less than 1 minute in high steam-pressure equipment.—This could 
lead to a more eflicient commercial hydrolysis procedure. 

Showed that various yeast cultures can be acclimatized to grow on 
wood sugar in special aerated equipment to give high yields of prod- 
ucts.—Production of these yeasts may prove valuable for both human 
and animal feed because of their high protein and vitamin B content. 

Developed and patented a means of hydrogenating isolated lignin 
to form valuable liquid products Hydrogenation produces methy] 
alcohol, complex cyclic alcohols, phenols, and neutral oils. 

Demonstrated that lignin has a 6-3-6 carbon-atom structure. —This 
was done by identifying high yields of propyleyclohexanol in the 
products of hydrogenation. 

Showed that lignin can be hydrogenated in wood without serious 
damage to the cellulose fibers. 

Demonstrated that, by heating cellulose, a product having a number 
of the properties of lignin can be produced.—Some related lignifica- 
tion reaction may occur in nature. 

Showed through color-reaction studies the similarity of the color 
groups of undecomposed lignin and several organic compounds.—This 
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work should lead to a better understanding of the structure of lignin. 
Demonstrated the presence and distribution of insoluble mem- 

branous substances in the heartwood of several wood species.—These 

findings resulted from microscopic studies of lignin removal. 
Isolated and identified a new flavanone compound from Douglas- 


fir—This compound seems to retard the removal of lignin from the 
wood in pulping. 


F. SOME ADDITIONAL WORK NEEDED 


Study the fundamentals of the cleavage of cellulose in the hydrolysis 
to sugar.—A_ knowledge of this mechanism should lead to improved 
hydrolysis methods. 

Study the high-temperature hydrolysis of wood in high-temperature 
pressure bombs on a small pilot-plant scale-——This information should 
show the commercial practicability of such a high-speed hydrolysis 
method. 

Expand the fundamental research on the isolation, constitution, and’ 
reactions of lignin.—Such background is badly needed as an aid to 
lignin utilization. The importance of lignin utilization is emphasized 
by the fact that the tonnage of lignin wasted or used as an inefficient 
fuel each year is equal to twice the total nonferrous metal production 
in the United States. 


Woop-Wastre Utinization 
(FS—E-1-23—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To: (1) Develop new methods of utilizing wood residues in making 
siiblion compositions, laminates, and boards that might be suitable 
for building purposes; and (2) apply new and modified techniques 
of destructive distillation to wood and lignin for development of 
means of utilizing low-grade wood, wood residues, and lignin more 
efliciently. Current emphasis is on determining the suitability of 
various drv-forming processes for making board materials from saw- 
dust and other wood waste, and on the efficiency of a newly developed 
continuous-flow process for the destructive distillation of wood waste. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-23-1—Plastics and reconstituted board materials. To study 
the compounding, dry forming, and pressing of sawdust and other 
wood residues for the production of board materials suitable for vari- 
ous industrial uses. 

E-1-23-2—Destructive distillation of wood and lignin. To study 
the production of charcoal and byproducts in a new Laboratory- 


patented apparatus for continuous distillation of sawdust and other 
fine wood residues. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Wood-carbonization studies were initiated in 1912. Early work was 
centered upon determining yield and quality of charcoal and distilla- 
tion byproducts obtained by carbonizing various species of hardwoods 
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and softwoods in simple batch equipment. During World War | 
efforts were centered on making a charcoal suitable for gas-mask 
canisters. Shortly after that war the production of meth T alcoho! 
and acetic acid as wood distillation byproducts decreased drastically) 
in importance due to the synthetic production of these chemicals more 
cheaply from coal. A number of plants closed and others continued t: 
operate on a marginal basis. Because of the apparent hopelessnes 
of the industry at that time, the Laboratory discontinued its researc! 
on wood distillation in 1920. 

During and since World War IT, interest in wood distillation ha: 
revived because of good markets for charcoal and the introduction o! 
improved methods of wood distillation in Europe. Research on woo! 
distillation was again revived in 1947 at the Lablenthcy and a new 
type of continuous equipment for the rapid distillation of sawdust 
has been designed and patented. Studies of the suitability and 
efficiency of this equipment and the byproducts obtainable are jus' 
getting under way. 

In 1930 the development. work on low-cost molding compounds fro: 
wood residues was begun. The early work centered on making a mold 
ing compound that contained lesser amounts of expensive resin than 
conventional molding compounds. This research resulted in severa| 
hydrolyzed wood plastics and an acetylated wood plastic that were 
patented. One of these was manufactured on a small scale during 
World War II. Later work has resulted in a small-scale means o! 
making wet-form fiberboards, and current research is on dry-form 


boards. 


D. FUNDS—-ANNUAL EXPENDITURES 


This project has been financed entirely from regular funds. Ex 
penditures on the wood-distillation phase of the work ranged from: 
about $3,000 per year in 1912 to $6,000 in 1920, when it was tem 
porarily discontinued. nee 1947 to the present, expenditures aver 
aged about $6,000 per year. The expenditures on the plastics phase 
of the work increased a about $5,000 in 1930 to $9,000 in 1934, 
held at about $25,000 during World War IT years, and then droppe: 
back to about $16,000. During the fiscal year 1950, $22,000 was spent 
on the combined projects. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of dense wood charcoal for gas masks.—During Worl 
War I the shortage of dense coconut-shell charcoal for gas masks 
became critical. A pressure-modified carbonization process was deve! 
oped to produce a similar material from wood. This process was 
still used to make charcoal for gas masks during World War II. 

Development of a continuous high-speed carbonizer for the proces» 
ing of fine wood residues.—This can be done in as short a time as 
3 minutes. Vapors are so rapidly condensed that thermal decompos' 
tion is minimized. 

Development of a wood plastic battery case-—Rubber shortage ear]) 
in World War II necessitated the development of a substitute mate 
rial for battery cases. A suitable acid-resistant, hydrolyzed-wooi 
molding compound for this purpose was developed by this laboratory) 
in cooperation with the industry. 
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Development of a strong, water-resistant hand-molding plastic from 
sawdust.—The distortion and poor water resistance of commercial 
hand-molding compositions (molding under pressure as small as 5 
pounds per square inch) was overcome with this composition. 

Development of a synthetic core material.—To relieve the shortage 
of suitable lumber-core materials in the furniture and allied indus- 
tries, a fiberboard core material was developed. 

Development of an expanded-veneer core for hollow-core doors. 
This process utilizes waste veneer for the production of cores; one 
manufacturer utilizes all of his veneer waste in this manner. 


F. SOME ADDITIONAL WORK NEEDED 


Destructive distillation of round wood under surface heating and 
mass heating conditions following temperature changes and gradients, 
energy inputs and rates of char should be investigated to determine 
if any advantages of mass heating warrant its commercial develop- 
ment. 

Development of a suitable means for destructively distilling wood 
lignin residues from hydrolysis and pulping processes. Lignin gives 
high-grade, dense charcoal and distillation byproducts that differ from 
those of wood. These byproducts may have greater commercial value 
than those from wood distillation. ‘A distillation plant operated in 
conjunction with a wood-hydrolysis plant may make both profitable. 

Utilize the lignin in wood as a binder in maki ing synthetic boards.- 
This goal has been approached but not fully realized in hydrolyzed 
wood ‘plastics, in which the lignin is effective only under the highest 
compression. 

Seek other binders for wood-particle boards.—These binders should 
be more plentiful and preferably cheaper than the phenolic resins now 
used, and should give products with equally good properties. 


PrysitcaL CuHemistry oF Woop AND Woop Propwcrts 
(FS—E-—1-24—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To obtain fundamental information on the physical and chemical 
properties of wood, wood components, and wood products; and to de- 
* lop the more promising means of modifying the properties of wood 

based on these findings, such as treatments for the dimensional sta- 
bilization of wood. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-24-1—Colloid chemistry of wood (fundamental surface chem- 
istry). To (1) study the adsorption of water vapor by wood and 
wood components at different temperatures for calculation of bonding 
energies (such data are of value in seasoning) ; ; (2) study the bonding 
of concentrated alkalies by cellulose, using a radioactive tracer tech- 
nique, to provide data of importance in m: raking cellulose derivatives, 
such as rayon and cellophane; (3) study the diffusion of materials 
through wood under conditions that limit the movement through one 
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type of structure, to gain information needed for improving seasoning 
methods; (4) determine limiting sizes of molecules that can penetrate 
and swell the cell walls of wood (this information is needed to mini- 
mize the swelling and shrinking of wood) ; (5) determine the nature 
of the brown stain reaction that sometimes occurs during kiln drying 
of lumber, with the object of minimizing staining; (6) determine the 
progressive decrease in the molecular weight of cellulose accompany- 
ing hydrolysis, to improve methods of hydrolysis of wood to sugars; 
‘7) measure by a new method the distribution of size of pit-membrane 
pores which control flow through wood (these data should be helpful 
in seasoning and wood-treating studies) ; and (8) study the rate of 
sulfation of cellulose accompanying nitration, with the purpose of 
minimizing the sulfation. This is important in connection with the 
stabilization of nitrocellulose explosives. 

E-1-24-2—-Modified woods (changing the properties of wood for 
special uses). To (1) develop a new means of stabilizing the dimen- 
sions of wood, based upon treatment with furfural alcohol (a chemical 
derived from wood) and its conversion to a resin within the structure; 
(2) make modified resin-treated woods suitable for various specialties 
and work out techniques for molding these specialties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies of the fundamental physical and chemical properties of 
wood and wood products have been under way since 1925. A great deal 
of information has been collected on the extent of internal surface, 
adsorption of water vapor, the fiber-saturation point, electrical and 
capillary properties, movement of materials through wood under dif- 
ferent driving forces, swelling and its mechanism, bonding forces for 
water, and molecular weight and shape properties of cellulose and 
lignin. Capillary structure studies have led to a means of calculating 
drying constants for wood. Studies of the mechanism of swelling led 
in 1935 to several principles for its control. Applied research on the 
modification of wood by various dimension-stabilizing treatments and 
by compression was then initiated which led to several new and val- 
uable products. 


D. FUNDS—-ANNUAL EXPENDITURES 


The fundamental research has been entirely conducted with regular 
funds at a rate varying from about $6,000 per year in 1925 to $10,000 
in 1937. In 1941 the combined expenditures for the fundamental and 
the applied research were $13,000. During the war years, 1942 
through 1945, the annual expenditures rose to $40,000 to $50,000 largely 
due to military interest in modified woods, this work being financed 
mainly by war agencies. The expenditures dropped in 1946 to $25,000. 
In fiscal year 1950, expenditures were about $40,000, all from regular 
funds. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Worked out fundamental principles on which the present electrical 
conductivity method for determining the moisture content of wood is 


based—Demonstrated the negligible effect of extractives and ash con- 
tent, and the small effect of specific gravity upon the results of moisture 
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content measurements within the electric field. Showed how the ef- 
fect of variations in moisture through the thickness could be practi- 
cally eliminated when measuring moisture content by electric means. 

Developed several methods for measuring the size and total area of 
the fine communicating capillary structure of wood that is invisible 
under the microscope.—This was done by a combination of electrical 
methods, flow rates under liquid pressure, and gas pressure required 
to overcome surface tension. 

Demonstrated that diffusion and electrical conduction through a 
complex system of capillaries are equivalent phenomena.—This makes 
it possible to make complicated diffusion measurements by a relatively 
simple electrical conduction measurement. 

Developed the theory and mathematics for calculating drying rates 
of wood from capillary constants ——This was done by combining vapor 
flow through the coarse capillary structure under a vapor-pressure 
gradient with bound water movement through the cell walls under a 
moisture content gradient. 

Demonstrated that water and other high-swelling compounds are 
probably bonded to wood by hydrogen bonds and that the initially ad- 
sorbed water is held with a bonding force of about twice that of water 
jor itself —This conclusion was reached through thermodynamic data 
and swelling data for liquids for which the tendency to hydrogen bond 
to hydroxyl groups is known. 

Showed that the fiber-saturation point of wood can be estimated by 
seven different methods with comparable results, from the relation- 
ships between moisture content and vapor pressure, shrinkage, heat of 
swelling, compression of bound water, electrical conduction, strength, 
and availability of hydroxyl groups. 

Showed that the internal surface of wood on which nonswelling 
liquids are taken up is about 15 square feet per cubic inch and the sur- 
face on which water is taken up is about half an acre per cubic inch.— 
These figures were obtained from selective adsorption measure- 
ments. ‘These emphasize the importance of surface properties (col- 
loid chemistry of wood). 

Developed a simple general relationship between the shrinking and 
the specific gravity of wood and conditions under which deviations 
from the relationship occur.—By this relationship true shrinking can 
be differentiated from collapse of fiber walls. 

Developed a new chemical method for determining the accessibility 
of cellulose to chemicals.—This was done by reacting the cellulose 
with formic acid which was shown to react quantitatively with the 
available primary hydroxyl groups under the reaction conditions 
used. 

Developed three principles by which the swelling and shrinking of 
wood can be permanently reduced.—These consist of (1) replacing 
hygroscopic hydroxy! groups in wood with less polar groups, (2) 
bulking the swollen fiber with insoluble material so as to prevent its 
normal shrinkage, and (3) forming chemical cross bridges between 
structural units. 

Developed two dimensionally stable forms of resin-treated wood, 
inpreg (uncompressed) and compreg (compressed).—In World War 
[I these found use for propellers, antenna masts, metal-forming dies 
and jigs, and aircraft carrier decking. Postwar uses have been for 

78552—51—vol. 2——45 
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knife handles, picker sticks, tooling dies and clamps, and musical 
instruments. 

Developed a stable form of untreated compressed wood (staypak), 
which retains its compressed dimensions due to a slight flow of the 
lignin cementing material of the wood caused by the pressing condi- 
tions. This material is finding some use for picker sticks and is being 
considered for flooring. 

Developed a means of dimensionally stabilizing wood by a vapor- 
phase acetylation treatment.—This treatment stabilizes the dimen- 
sions of the wood more than any other treatment developed to date and 
toughens the fiber rather than embrittling it, as do resin treatments. 

Developed the expansion molding method for molding resin-treated 
compressed wood, paper, or fabric—Single sheets of the uncured 
resin-treated material are compressed under insufficient heat to cure 
the resin and then chilled under pressure. The compressed sheets are 
cut to the desired size, laid up in a mold, clamped, and heated. The 
tendency for reexpansion of the material furnishes the molding pres- 
sure from within and gives the effect of fluid-pressure molding. By 
this means wood can be molded with metal facings, metal inserts, 
compressed wrappings on normal wood, and many other combinations. 


F. SOME ADDITIONAL WORK NEEDED 


Expand studies of the capillary structure of wood.—Data collected 
so far have been limited to the heartwood of a few softwood species. 
New refined methods of measurement have been worked out. These, 
together with the old methods, should be oe to several impor- 
tant softwood and hardwood species with different structural charac- 
teristics. The most revealing methods should then be applied to 
a large number of species to determine species differences. 

Expand studies of the movement of liquids through the capillary 
structure of wood under various driving forces.—Preliminary data 
are available on diffusion under limited conditions. These measure- 
ments should be extended to more varied diffusion conditions. Meas- 
urements should be made of the movement due to capillary rise, 
movement under an externally applied force (both liquid pressure 
and vapor pressure), and under an electrical potential (electrokinet- 
ics), and under diffusion conditions. Measurements should also be 
made under specially imposed conditions that limit movement to 
one type, followed by an analysis of the different types of move- 
ment under a combination of different driving forces. 

Extend the capillary structure studies and liquid movement studies 
to compressed woods, cellophane, and paper as an aid in character- 
izing their structure and permeability under different conditions. 

Determine the swelling pressure of wood by a newly devised 
method.—Such data should aid in understanding swelling. 

Determine the energy of bonding of various chemicals for wood.— 
A little information is available on the attractive force of wood for 
water. Only qualitative information is available on other chem- 
icals. Data are needed on the sorption of various gases and vapors, 
selective adsorption from solution, heat of wetting, angle of wetting, 
and adhesion tension of simple vapors and liquids and single-com- 
ponent solutions. Such information should eventually lead to a 
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better understanding of processing methods involving the interaction 
of wood with other materials. 

Determination of the molecular properties including molecular- 
weight shape factor and mechanical interaction of particles of the 
various wood components and their degradation products.—This study 
is needed to help characterize wood cellulose, hemicellulose, lignin, 
and various extractives isolated from wood by various methods. 

Seek improved means of stabilizing the dimensions of wood by cross- 
bonding reactions.—It has been shown that forming formaldehyde 
cross bonds in wood gives a high degree of dimensional stabilization 
with very small amounts of chemical; but, unfortunately, the wood is 
seriously embrittled. Similar reactions that do not embrittle wood 
by the action of the catalyst on the wood should be sought. 


CHEMISTRY OF Woop PRESERVATIVES 
(FS—E-1-25—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To solve fundamental and practical problems of a chemical nature 
connected with the preservative treatment of wood and the improve- 
ment of its resistance to chemicals. This includes a search for new 
preservatives to fill needs not answered adequately by preservatives 
now being used; efforts to overcome some of the shortcomings of pre- 
servatives now in use; and work on the development of new and im- 
proved methods of analysis of preservatives. 


B. CURRENTLY ACTIVE LINE PROJECTS 


E-1-25-1—Chemistry of wood preservatives. To (1) study the 
toxicity toward wood-destroying fungi of materials proposed as pre- 
servatives, to ascertain whether they merit more extensive tests; (2) 
search for physical and optical methods that might be applied in the 
analysis of coal-tar creosote to establish presence or absence of adult- 
teration; and (3) study the deterioration of wood exposed to a number 
of chemicals to which wooden equipment may be exposed in industrial 
plants. 


C, HISTORY AND EVOLUTION OF THIS WORK 


Work on this project was begun by the Forest Service before the 
establishment of the Forest Products Laboratory in 1910 where it 
has been continued since. An intensive study was made of the physi- 
cal and chemical properties of creosotes being made prior to and during 
World War I. With a view toward finding new and improved pre- 
servatives, the relations between the chemical constitution and toxicity 
of organic compounds were investigated. The practical possibilities 
of various industrial byproducts, especially from the petroleum in- 
dustry, were investigated by tests of the toxicity and, in some cases, 
of other properties. Considerable work has been done on the develop- 
ment of methods for analyzing preservatives and wood treated with 
preservatives, 
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D. FUNDS—-ANNUAL EXPENDITURES 


From 1910 to 1933, annual expenditures increased from approxi- 
mately $3,000 to $7,000, all regular funds. From 1934 to 1945 annual 
expenditures averaged approximately $8,000 from regular and co- 
operative funds. Since 1945 they have averaged about $14,000. In 
fiscal year 1950 a total of $10,000 of regular and cooperative funds 
were expended. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Important contributions were made toward a better understanding 
of the protective action of creosote-——The general relation between 
distillation range and toxicity was established. Publication of this 
and other information in USDA Bulletin 1036 and in numerous pro- 
fessional papers has influenced specifications now used by the industry. 

Spray tests were developed to detect the penetration of zine chlorid« 
and sodium fluoride into wood.—These are now standards of the indus- 
try and have facilitated the inspection of treated wood at commercial 
treating plants and by consumers. 

Fundamental relations were established between the chemical con- 
stitution and towicity of organic compounds and published in USDA 
Technical Bulletin 346 and in several professional papers.—This led 
to the development by the chemical industry of the wood preservative 
pentachlorophenol, which is now being used commercially for the 
treatment of a variety of products, especially those for which relative 
cleanliness is important. 

Studies of inorganic compounds led to the modification of the stand- 
ard wood preservative zine chloride by the addition of sodiwm dichro- 
mate to improve certain properties.—The mixture of zinc chloride and 
sodium dichromate is now the most important salt-type preservative 
in the United States from the standpoint of quantity used. 

A method was developed for forming insoluble towic precipitates in 
wood by the reaction of soluble chemicals introduced separately by a 
simple diffusion process.—Field tests have shown that fence posts 
treated by this process last longer than posts treated with single soluble 
chemicals. 


F. SOME ADDITIONAL WORK NEEDED 


Further research is needed on the relative effectiveness of different 
types of creosote now being made.—Certain changes have taken place 
in the coking of coal, and various modifications have been introduced 
into the processing of coal tar to produce creosote, so that the creosotes 
now being made differ from each other and also from those used in 
the older service tests. 

Improved methods are needed for quickly testing creosote in th: 
laboratory to establish its quality and freedom from adulteration.— 
The development of new processes in the petroleum industry, which 
has led to the production of highly aromatic byproduct oils that are 
difficult to distinguish from coal tar distillates with present. test 
methods, has introduced new problems in the testing of creosote. 

There is a need for additives to increase the effectiveness of creosot: 
against certain types of marine borers.—The service life of creosoted 
wood used in tropical waters is not so long as is desired, and efforts 
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should be made to find chemicals that will fortify the protective action 
of the creosote. 

Improved oil-soluble toxics are needed for the treatment of products 
that need to be clean, odorless, and paintable-—While some of the 
newer oil-soluble toxics are distinctly superior to creosote for these 
uses, they possess cetrain disadvantages which might be overcome by 
further research. 

A better understanding is needed of the deterioration of wood by 
chemicals and methods for minimizing it—In various industries, 
wood that is used for vats, for parts of equipment, or for structural 
members may be either constantly or intermittently exposed to chemi- 
cals that attack it. A better knowledge of the limitations of different 
woods when used in contact with various chemicals is desirable. 


Coatings or materials injected into wood might be found which would 
greatly increase its serviceability. 


Forest UTmizatTion SERVICE 
(Ff S—E-2-1—Federal—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To serve as a connecting link between the Forest Products Labora- 
tory and the forest-products industries, the National Forest Adminis- 
tration and other timber growers and users. This is a Forest Service 
activity staffed by 14 technical men, two at each of seven forest experi- 
ment stations—Philadelphia, Pa.; Columbus, Ohio; Asheville, N. C.; 


New Orleans, La.; Missoula, Mont.; Portland, Oreg.; and Berkeley, 
Calif. The haison function of this service is especially important as 
concerns (1) the analysis of regional wood-using problems, (2) the 
presentation of these problems to the Forest Products Laboratory, or 
other research agencies, for solution, and (3) the improvement of 
regional wood-utilization practices by bringing research knowledge 
to the local forest management and wood industries. 


B,. CURRENTLY ACTIVE LINE PROJECTS 


E-2-1-1—Forest Utilization Service. To investigate important 
problems involving increased use of the little-used forest species and 
low-quality material, and involving more efficient practices in harvest- 
ing, manufacturing, and using the forest crop. The solutions of 
these problems have the effect of increasing our supplies of usable 
timber. They also contribute to lower costs in manufacturing and to 
better service in using these supplies. 

To arrange with the Forest Products Laboratory, or with qualified 
State or other local laboratories, to do the research work required for 
the solution of important regional wood-using problems. This func- 
tion requires a detailed industrial and technical knowledge of the 
problems and results in improved balance and scope in the research 
program of the Forest Products Laboratory. 

To encourage the industrial application of results of forest products 
research through consulting services, the interpretation of technical 
literature, local field demonstrations by research technicians, and 
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related liaison activities between the Forest Products Laboratory and 
regional wood processors and users. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The Forest Utilization Service was established by Congress in 1944, 
with units at two forest experiment stations. Units were established 
at five additional stations in 1945 and 1946. This service was made 
available primarily to assist in bridging the gap between forest- 
products research results and their application by wood processors 
and users. Observations, field reports, and comments from industrial 
representatives indicate that this purpose is being achieved. In 
addition, the research activities of the Forest Products Laboratory 
are facilitated materially through the regional knowledge and location 
of the Forest Utilization Service. 


D. FUNDS—-ANNUAL EXPENDITURES 


Regular funds available to this project have varied from about 
$70,000 in fiscal year 1945, for establishing units at two stations, to a 
maximum of about $167,000 in fiscal year 1947. Funds available in 
fiscal year 1950 were $145,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The problems of seven important timber-producing and wood-using 
regions are being currently analyzed —The results of these analyses 
have been made available to the Forest Products Laboratory, and to 
other research agencies, as guides to research activities. These analy- 
ses also have resulted in the publication of technical bulletins and 
articles, and presentation of papers and discussions by Forest Utiliza- 
tion Service personnel on subjects to meet regional needs. One exam- 
ple of this activity is the publication of USDA Farmers’ Bulletin No. 
2008 : Logging Farm Forest Crops in the Northeast. 

Much local research, not requiring laboratory facilities, has been 
accomplished.—This research generally has been aimed at the solution 
of local industrial problems in the fields of wood-waste utilization 
and improved processing methods. Examples are: (1) An analysis 
of waste at 17 sawmills resulted in the conclusion that 94 percent of the 
slabs, edgings, and trimmings from these mills can be used for pulping 
purposes; (2) experimental work, with a Forest Products Laboratory 

ortable dry kiln, demonstrated that California black oak can be kiln- 
‘ried successfully in three-fourths inch thicknesses, thus making pos- 
sible increased utilization of this species; (3) field trials with an Army 
mine detector developed a technique for the use of this instrument in 
locating hidden metal in sawlogs and veneer logs, thus giving to in- 
dustry a method of avoiding expensive damage to saws and veneer 
knives and loss in operating time; (4) a study of log driving by lake 
and river in Idaho showed that $12 per thousand board feet was being 
lost in this process, with the result that logs in the area concerned will 
henceforth be hauled by truck; (5) the results of a survey of wood- 
using industries in a metropolitan area are being used by the local 
chamber of commerce in connection with its industrial expansion pro- 
gram; (6) the results of a 4-year service test of a cedar elm factory 
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floor showed that this little-used species is satisfactory for use in 
industrial flooring; (7) inspections and analyses of tests in textile 
mills have shown that the use of “staypak,” developed by the Forest 
Products Laboratory, in shuttles and picker sticks results in greatly 
improved service; (8) study and observation of timber-harvesting 
methods have resulted in the publication of the Northeastern Loggers’ 
Handbook, USDA Handbook 6. 

Improvements in regional wood-utilization practices have been ac- 
shigliehed— Acting as field representatives of the Forest Products 
Laboratory, the Forest Utilization Service has brought research re- 
sults to the forest-products industries and other wood users. This is 
accomplished largely by (1) consulting services directly to industry 
pon by the Forest Utilization Service personnel, who all are well 
qualified in several specialized fields; (2) local demonstrations, in 
cooperation with the Forest Products Laboratory or others, in subject- 
matter fields such as kiln drying, gluing, log grading, small sawmill 
operation, and timber harvesting (as many as 5,000 people have at- 
tended some of these demonstrations); (3) the interpretation and 
presentation of research results to technical societies, trade associa- 
tions, and other local groups related to the wood-using industries. 


F, SOME ADDITIONAL WORK NEEDED 


The major need of the Forest Utilization Service is for expansion 
and intensification of the functions now being performed. Funds are 
available for personnel located at only 7 of the 11 United States Forest 
Service experiment stations. Two men per station are inadequate. 

Continued analyses of regional wood-using problems.—Changing 
conditions in the forests, in industry, and in the national economy 
make it important that analyses be on a continuing basis. That 
these analyses shall be accurate, complete, and current is of major 
concern to the Forest Products Laboratory, as a guide to its research 
program, and to the Forest Service, as a guide to its policies in the 
management of the national forests. 

Continued and expanded efforts to improve forest-utilization prac- 
tices—Many of the smaller units in the forest-products industries 
have no technically qualified channel through wise to receive the 
results of research that apply to their needs. In the areas where the 
Forest Utilization Service is now functioning, these smaller units are 
reached only inadequately. In other areas there is no provision for 
reaching them. The result is that only part of the possibilities of 
improved utilization of our forests is being realized. 


INcREASED UsE AND SERVICEABILITY OF Farm TIMBERS 


(FS—RM: a-3—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop new and expanded outlets for farm timber crops by 
converting farm woodland timber to useful products with improved 
methods of conversion and utilization. This includes work on the 
use of wood for curing tobacco, the development of low-cost. methods 
for producing animal feeds from wood and determining the value 
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of the feeds, investigations of the pulping properties of farm woodlot 
timbers, and the development of improved practices for drying lumber 
and painting farm structures, 


B. CURRENTLY ACTIVE LINE PROJECTS 


a~3-1—Expanded utilization of farm woodland timbers in the flue- 
cured and fire-cured tobacco regions. To develop and encourage the 
use of automatic wood-burning furnaces whereby farmers use their 
own wood as fuel for curing tobacco, thus avoiding the necessity of 
purchasing oil or coal for automatically controlled furnaces, or the 
frequent attention required when wood fuel is used in the present 
conventional wood furnace. This work is being done in cooperation 
with BPISAE and the North Carolina and Tennessee Experiment 
Stations. 

a~3-2—Small-scale methods for wood hydrolysis. To develop 
simpler and cheaper small-scale wood-hydrolysis methods and equip- 
ment for production of molasses and yeast for stock feeding that 
might be suitable for adoption by farm cooperatives. 

a-3—3—-Production of wood-sugar molasses and fodder yeast for 
experimental feeding. To determine the potentialities of molasses 
and fodder-yeast production from wood waste for use in animal feed- 
ing experiments by the State agricultural experiment stations and 
other experimenters. Part of this work is done under contract. 

a—3-4—Improved methods of using farm woods for farm buildings. 
To determine under what conditions and by what methods fully satis- 
factory farm buildings can be built in whole or in part from local 
timber. ’ 

a-3-5—Expanded utilization of farm woodland timbers by develop- 
ing methods of using crop driers for the drying of lumber. To adapt 
crop driers to the drying of lumber and thus develop and encourage 
the use of improved methods of drying lumber cut on farm woodlands. 

a—3-6—Preservative treatment of farm timbers. To develop and 
test new and improved chemical preservatives and methods of apply- 
ing them, so that more economical, effective, and practical preserva- 
tives and treating processes can be made available to farmers for their 
fencing, farm buildings, and other farm structures. 

a—3—7—Pulp from wood grown on the farm. To improve the mar- 
ketability of farm woodlot species by investigating their pulping 
properties by conventional and modified methods; and to produce 
pulps and papers of the kinds for which the species are adapted and 
for which they may be used by existing and future local paper mills. 

a-3-8—Better painting practices on the farm. To develop im- 
proved paints and painting practices especially designed to give long 
life and satisfactory service at moderate cost on farm structures. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The continued depletion and increase in cost of commercial timber 
has in recent years focused attention on the need for increased use 
and improved marketability of timber from farm woodlots. Rela 
tively few farm families derive more than a small percentage of the 
benefits their farm woodlots are capable of yielding. Farmers as a 
group use a large volume of wood annually, much of which is pur- 
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chased, especially the lumber. ‘The development of new and improved 
harvesting, transportation and conversion methods for the timber 
grown on farm woodlots makes it possible for the farmer to produce 
useful products from his own logs at substantial savings. Develop- 
ment of information on chemical utilization in the form of wood cle 
from low-grade and defective trees and wood molasses feeds from 
wood waste permits utilization of farm woodlot timber not suitable 
for lumber. 


D. FUNDS—-ANNUAL EXPENDITURES 


The annual expenditure of RMA funds for the fiscal years of 1948, 
1949, and 1950 was $100,000, $135,000, and $135,000, respectively. A 
large portion of these funds has been used in the production of wood 
molasses and yeast from wood waste for animal feeding experiments 
at agricultural experiment stations and elsewhere. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Automatic wood-burning furnaces for curing bright-leaf tobacco 
have been developed that use only about one-half as much fuel as the 
common open type of furnace and require much less attention. Much 
interest has developed among tobacco growers and suppliers of fur- 
nace equipment to put the research findings to immediate application. 
Further research is required, however, to develop a more economical 
and durable construction and assure more uniform temperature dis- 
tribution within the building. 

Development of equipment for drying farm lumber.—Work cover- 
ing the construction and operation of simple and inexpensive drying 
equipment suitable for small operators who serve farmers in the utili- 
zation of timber from their farm woodlots has shown that commercial 
sawdust burners, house furnaces and crop driers should give satis- 
factory results when suitably installed and operated. Drying units 
have been designed that use one type of crop drier or a house furnace 
and that are promising as an economical and satisfactory means of 
kiln drying green or air-dried lumber for house building and general 
construction purposes. 

Improved preservative treatment of farm timbers.—Investigations 
with the end-diffusion treatment of green unpeeled jack pine posts 
cut during the late summer and early fall months showed favorable 
results if treated within seven days after cutting. Cold-soaking 
treatments of jack pine posts with a solution of creosote and No. 2 fuel 
oil showed that the moisture content of the wood is an important factor 
in the absorption and penetration of the preservative. The most 
favorable results were obtained when the moisture content was between 
15 and 25 percent whereas poor results were obtained when the moisture 
content averaged 50 percent. Considerable information was also de- 
veloped in the double-diffusion treatment of jack pine posts, on the 
effects of concentration of treating solution and treating time upon the 
distribution of the preservative precipitates within the posts. All 
these studies make it possible to give farmers more specific advice on 
how to treat their posts effectively by simple, economical methods. 

Barn rafter investigations have provided information on the 
strength, ease of construction, and economy of segmental, built-up, and 
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laminated members constructed on the site by fabrication methods 
that are practical for use on the farm and can use well-manufactured 
farm woodlot lumber. 

Supply of molasses for feeding tests and yeast production —More 
than 15,000 gallons of wood-sugar molasses have been prepared and 
furnished to various State universities and others for widespread 
stockfeeding tests to demonstrate the suitability of this abundant 
source of carbohy drate material as a stock feed and as a nutrient for 
the production of yeast. 

Yeast production—A small pilot plant has produced more than a 
ton of yeast that has been sent to cooperators for testing as a high- 
protein food supplement. Eight different strains of yeast have been 
evaluated in rat-feeding tests and studies begun on a fat-producing 
organism of great potential value as a food supplement for both 
humans and animals. 

Production of paper products from farmlot woods.—Roofing felt 
meeting commercial standards has been made with large proportions 
(up to “60 percent) of coarse fiber prepared from aspen, cottonwood, 
hickory, blackjack oak, and jack pine. Medium-grade tissue paper 
has been made with large proportions (up to 100 “percent ) of aspen 
neutral sulfite semichemical and aspen groundwood pulps. Corru- 
gating board of satisfactory quality has been made from neutral sulfite 
and sulfate semichemical pulps of chestnut oak and mockernut and 
pignut hickory. The groundwood pulping characteristics of seven 
Adirondack hardwoods, singly, in mixture, and mixed with eastern 
white pine, have been ‘determined and satisfactory pulp bleaching 
methods worked out. Shagbark hickory neutral sulfite semichemical 
pulp was found to be suitable for lower-grade linerboard or for blend- 
ing in higher-grade pulps and for bond paper and bleached and un- 
bleached gr easeproof papers. Sand hickory neutral sulfite semichemi- 

cal pulp was indicated by tests to be suitable for corrugating board. 
Sized insulating boards made from sand hickory met Federal stand- 
ards for sheathing-grade board. 

Improvements in barn paints and painting practices——-Over 100 
different formulations of iron-oxide barn paints have been prepared 
and are now under observation and test. We hope to find one or more 
of moderate cost that will duplicate the performance of a high-cost 
barn paint we made 11 years ago that is still in excellent condition 
without repainting. 


F, SOME ADDITIONAL WORK NEEDED 


Developmental work on wood-burning furnaces.—Wood-burning 
furnaces for the curing of bright-leaf tobacco require modific ations 
in design for simplification and economy. Furnaces for curing of 
fire-cured tobacco also need to be designed and tested. 

Improvement in lumber drying. —More suitable methods of using 
crop driers for the drying of lumber need to be developed. 

Development of impr oved treating methods.—Investigations with 
end diffusion and the cold-soaking process need to be broadened to in- 
clude additional species of wood “used for posts and other farm tim- 
bers. Studies should also be made of one-stage diffusion treatments 
with mixtures of chemicals that react in the wood to form nonleaching 
toxic compounds to further simplify the treating process for farm use. 
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Improving methods of wood-sugar production with the object of 
simplifying the process and reducing the plant size are important to 
continue because they offer promise of effecting considerable economies. 

Improving the production of yeast with the object of producing fat 
as well as proteins and vitamins and increasing the utilization of the 
total carbohydrate fraction of the wood-sugar solutions, and studying 
the production of other valuable products from wood-sugar solutions 
by Rieantition or hydrogenation offer promise for successful com- 
mercial use. 

Investigations on paper products should include the suitability of 
selected, low-grade southern oak for white papers, corrugating and 
linerboards, roofing felt, insulating board, and hardboard. <A study 
is also needed on the suitability of sweetgum for dissolving pulp. 

Improvement in barn paints should be continued and expanded in 
the effort to attain the long-life, moderate-cost paint for farm build- 
ings that seems possible. 


DEVELOPMENT OF New PRreservATIVES From Oeorestn Propucts 
AND Bypropucts 


(FS—RM: a-503—Federal—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To discover new uses for rosin and oleoresin by studying their be- 
havior when subjected to various chemical and thermal treatments. 
The chemical composition of rosin is of such a nature that it has many 
promising possibilities for a wide range of uses. The primary outlet 
for rosin at present is in varnishes, paper size, and soap and to some 
extent in drugs, but its possibilities in other uses, such as preservatives, 
have not previously been explored. The need for new uses has been 
accentuated by the rapid development in the past 10 to 15 years of 
industrial sources of rosin that have curtailed the markets available 
to gum naval stores producers and have resulted in a surplus of rosin. 


B. CURRENTLY ACTIVE LINE PROJECTS 


a—503-1—Development of new preservatives from oleoresin prod- 
ucts and byproducts. To develop means for conversion of gum rosin 
and related oleoresin constituents or naval stores products that are 
produced in excess of present demand, into a product suitable for use 
as a wood preservative. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Research has been done on rosin by various investigators for a 
number of years, but work on the possibilities of rosin products for 
preservatives was not initiated until 1949. Rosin consists almost 
wholly of an organic compound, known as abietic acid (or rosin acid), 
which is chemically reactive. The acid molecule can be combined 
with many other chemicals, or may even undergo internal rearrange- 
ment, whereby new products are obtained having properties very 
different from those of the original rosin. Development of such 
products is under way and tests are being made of their toxicity to a 

ood-destroying fungus. 
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D. FUNDS—ANNUAL EXPENDITURES 


The work is financed by RMA funds. The expenditure during 
fiscal year 1950, when the work was started, was $15,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


This research has been under way for too short a time to have 
resulted in any outstanding accomplishments. Reasonably toxic 
materials have been prepared and information has been obtained that 
points the way for further research. 


F. SOME ADDITIONAL WORK NEEDED 


Development and evaluation of a towie preservative of suitable solu- 
bility —Investigations should be made to improve the solubility of 
potentially toxic compounds by the introduction into the molecule of 
some solubilizing groups, such as the sulfonic, carboxyl, or hydroxyl. 
Rosin amine, a commercially produced derivative of rosin, should be 
combined with certain toxic compounds of an acidic nature in an 
effort to produce addition compounds that may be highly toxic. The 
possible utility of still foots (the soft residue remaining from dis- 
tillation of oleoresin for turpentine) as antiblooming agents or fixa- 
tives for highly toxic chemicals (such as pentachlorophenol) dissolved 
in petroleum oil should be investigated. In addition rosin, should be 
subjected to various thermal decomposition treatments in an attempt 
to develop more useful compounds. 


NAvAL Srores INVESTIGATIONS 
(BAIC—e-1—Federal—Regular Funds) 


(Cooperation with private organizations) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop, and introduce to the gum naval stores industry, im- 
proved types of equipment, new methods of production, and more 
efficient processes for utilizing pine gum, leading to higher-grade 
products better adapted to consumer requirements; to develop from 
turpentine and rosin new chemical products useful to consuming in- 
dustries, thereby improving the competitive position of this agricul- 
tural product and the status of the gum farmer. In addition, some 
work of a fundamental nature is under way to provide new and im- 
proved analytical methods and techniques and basic information that 
will contribute to the utilization of naval stores products. 


B. CURRENTLY ACTIVE LINE PROJECTS 


e-1-1-21—-Investigation and utilization of metals, alloys, plastics, 
protective coatings, and other materials in containers for pine gum, 
rosin, and turpentine. To determine the materials best suited for use 
in containers for collecting pine gum in the forest and for packaging 
finished turpentine and rosin. 

e-1—1-22—Development of improved processing methods and 
equipment for the production of rosin and turpentine from crude oleo- 
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resin. To develop improved processing methods and equipment for 
producing turpentine and rosin from crude pine gum, decreasing 
losses in processing, improving the quality of products, and conserv- 
ing materials and labor. A cooperating gum-processing company in 
Florida supplies the necessary quantities of crude gum required for 
this work. 

e-1-1-25—-Rendering technical assistance directly to the naval 
stores processing industry. To translate the laboratory research find- 
ings to commercial-scale practice and to advise naval stores proces- 
sors and consumers, through personal assistance and published in- 
formation, on the adoption of new equipment and practices developed 
in Bureau research. 

e-1—1-26—Preservation and storage of turpentine. To develop im- 
proved methods of storing commercial turpentine for long periods of 
time. 

e-1—2-23—Paint thinners and driers from naval stores for use with 
semi-drying oils. To develop a combined paint thinner and drier 
from turpentine, thereby broadening its range of utilization. 

e~1-2-25—-Chemical products from turpentine. To produce com- 
mercially useful chemicals from the terpenes obtainable from tur- 
pentine, thereby broadening its range of utilization. 

e-1-2-26—Composition of the neutral portion of pine gum. To 
determine the chemical nature of pine-gum components other than 
resin acids before they are changed by typical processing procedures 
(gum cleaning and distillation), and to compare the original com- 
ponents with the products obtained by conventional processing meth- 
ods, gree a o-ea basic information useful for evaluating proc- 
essing procedures. 

e-1-2-27—Polymers from turpentine. To produce industrially use- 
ful high-melting hydrocarbon polymers from turpentine, thereby 
broadening its range of utilization. 

e-1-2-28—Preparation and properties of peroxides from turpen- 
tine. To produce peroxides from turpentine and develop uses for 
them, especially as catalysts in the production of synthetic rubber. 

e~1-2-29—Composition of byprdaant from the distillation of pine 
gum. To obtain basic information necessary for possible utilization 
of so-called low wines (a highly volatile waste product), and to im- 
prove the quality of turpentine. 

e-1-2-30—Reduction of acidity in turpentine. To develop a prac- 
tical method for the removal of acidic impurities from turpentine as 
completely as possible, thereby producing turpentine more adequately 
meeting the needs of consuming industries. 

e-1-3-21—Rosin derivatives for use in synthetic resins and protec- 
tive coatings. To develop improved rosin and resin-acid derivatives 
useful in synthetic resins and protective coatings, thereby better meet- 
ing the needs of the paint, varnish, and plastics industries. 

e-1-3-27—Naval stores derivatives as emulsifying agents in the 
manufacture of synthetic rubber. To develop rosin and resin-acid 
emulsifiers useful in the production of synthetic rubber. 

e-1-3-28—The composition, properties, and derivatives of the 
acidic components of oleoresin and rosin. To develop basic infor- 
mation on the character and properties of rosin and resin acids and 
their derivatives, thereby broadening the range of their utilization. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


About 40,000 turpentine farmers in the longleaf and slash pine 
forests of the southeastern United States do a profitable business in 
pine gum, the source of gum rosin and turpentine, long known as 
naval stores. With a cash crop having an estimated farm value of 
$40,000,000 annually, these farmers have a successful enterprise today 
largely because of work by the Forest Service and the Bureau of Agri- 
cultural and Industrial Chemistry of the Department of Agricul- 
ture. 

Research on naval stores in the BAIC started about 1906, and was 
first directed toward the development of methods for detecting adul- 
teration of turpentine and for grading rosin. Demonstration work 
was also carried on by the Bureau. Agents were sent into the field to 
suggest, explain, and demonstrate simple improvements in methods 
and equipment for producing turpentine and rosin. Collection and 
publication of statistics on production and stocks of naval stores was 
begun in 1918 and continued until 1947. Work on enforcement of 
the Naval Stores Act of 1923 was continued until 1928, after which it 
was continued by special regulatory units of the Department. Re- 
search on better methods and equipment to improve the quality and 
yields of turpentine and rosin was begun about 1931, and the Bureau’s 
Naval Stores Station at Olustee, Fla., was established in that year. 
The Naval Stores Research Division was created in 1935, and, be- 
ginning about that time, increased emphasis was placed on cleaning 
pine gum and on chemical research to develop new products from, 
and new uses for, naval stores. 


D. FUNDS—-ANNUAL EXPENDITURES 


The first specific appropriation for naval-stores investigations was 
made in 1916. Previous to that time the work was done under appro- 
priations for agricultural chemical investigations and enforcement 
of the Food and Drug Act. Until 1925 the annual expenditure did 
not exceed $10,000. During the period 1926-34 the expenditures for 
naval-stores research amounted to approximately $25,000 annually. 
The creation of the Naval Stores Research Division in 1935 was fol- 
lowed by an increase in the appropriation to $76,700 in 1936. Since 
then expenditures under regular funds have ranged from approxi- 
mately $80,000 in 1937 to $132,300 in fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


Development of acceptable standards for turpentine and rosin.— 
Prior to 1912 much of the turpentine on the market was adulterated, 
principally with kerosene or mineral spirits, and much of the rosin 
was improperly graded. The honest producer had a competitive dis- 
advantage. Methods were developed for detecting as little as 1 or 2 
percent of adulterants in turpentine, and standard colored glass cubes 
were devised for accurately and conveniently grading rosin. At the 
present time, little or no commercial turpentine is adulterated, and 
practically all rosin is correctly graded. 

Introduction of improved practices and technological advances. — 
In the early days of these investigations the equipment and methods 
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of production were so primitive that the Department sent scientists 
into the field to do demonstration work with naval-stores producers. 
These employees succeeded in introducing numerous simple improved 

ractices in woods work and pine-gum processing. They became so 
highly esteemed that the industry had complete confidence in their 
recommendations. This materially helped the Bureau, in later years, 
to introduce advanced techniques which resulted in a complete reor- 
ganization of the industry. 

Improved fire still, equipment, and still buildings—The Bureau 
designed and developed improved fire stills, equipment, and _ still 
buildings. These provided more efficient operation, reduced waste, 
and improved the quality of the products. Detailed working draw- 
ings were prepared for and used very extensively by the industry. 
Fire hazards were reduced to a minimum, and owners of improved 
stills were able to get fire insurance, whereas no fire insurance was 
available on the unimproved types. The Government-type fire still 
was universally adopted during the 1930’s. The central gum-cleaning 
and steam-distillation plants, aes developed under this project, have 
now practically replaced the fire stills. In 1937 it was conservatively 
estimated that the new findings, some of which have been mentioned, 
enabled producers to get $1,500,000 a year more than formerly. 

New method for processing pine gum.—The Bureau developed and 
patented in the public interest a commercial process for cleaning pine 
gum prior to distillation; it also designed, built, and tested a full-scaie 
mode] plant for gum cleaning and distillation and introduced such 
combination plants in the industry. This development literally revo- 
lutionized the entire pine gum-processing industry. The value of this 
research to the industry in the past decade is conservatively estimated 
to be $30,000,000 through increased yields, improved grades of rosin, 
and better-quality turpentine: In 1949, more than 90 percent of all 
the turpentine and rosin produced in the United States was made by 
the Government process. Royalty-free licenses for use of this pat- 
ented process are granted by the Secretary of Agriculture. This 
process created a market for small lots of pine gum and introduced 
gum farming as a new cash crop, having a farm value estimated at 
$40,000,000 annually, for thousands of small-scale farmers who sell 
their pine gum to processing plants. 

Determination of the composition of commercial turpentine and 
rosin provided the basic information utilized by commercial firms for 
the introduction of useful new chemicals, such as insecticides, resins, 
and soaps, from turpentine and rosin. 

Fundamental investigations on the behavior of pure rosin acids.— 
Among other things, these fundamental investigations led directly to 
a process for the conversion of rosin to a more stable form. This proc- 
ess was used commercially on a large scale in the production of syn- 
thetic rubber during and since World War IT. The investigation also 
led to a laboratory method for producing maleopimariec acid, which 
was later translated to commercial scale under project RM: a—100, 
page 1706 of this chapter. 

Rubber from turpentine —A method for the production of isoprene 
from turpentine and a process for converting this chemical to a high 
quality synthetic rubber were developed. This could provide a sup 
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plemental source of synthetic rubber in times of a national emergency. 
Improved turpentine-—Methods and equipment were recently de- 
veloped for reducing the amount of acidic impurities commonly pres- 
ent in gum turpentine. These improvements are rapidly being adopted 
by naval-stores processors who are now producing the highest-quality 
turpentine in the history of the industry. Such turpentine better 
meets the requirements of consumers and protects markets that would 
otherwise be lost. The value of the annual production of gum turpen- 
tine is about $7,000,000 at current prices. 
Continuous distillation of pine gum.—A continuous still for proc- 
essing pine gum that will produce a more uniform rosin, at lower cost 
for steam and labor than entailed by the present batch still, was re- 
cently developed. This will be introduced to the industry as the 
latest of a series of technological advances in equipment design. 


F. SOME ADDITIONAL WORK NEEDED 


Fundamental chemistry and technology.—Additional fundamental 
information concerning the composition, and the chemistry of the 
individual components, of pine gum from various species of pines 
is urgently needed and is mnsteiie further progress in the industry. 
Fundamental thermodynamic data on the processing of pine gum and 
its derivatives are essential to maintain an sivaiant technology. 
Such fundamental data are essential also to the design of equipment 
for improved processing. 

Development of improved products Research looking toward the 
improvement of present naval stores products with respect to purity, 
uniformity, stability, and other characteristics is necessary to main- 
tain present markets and to expand them in competition with new 
products from the synthetic chemical industry. 

Development of new products.—Research looking toward the de- 
velopment of new products that can be produced from naval stores is 
necessary to meet changing conditions, especially competition for es- 
ee nes markets by the highly research-conscious synthetic chemical 
industry. 


Prror-PLant Propuctrion or Navan Srores Derivatives 
(BAIC—RM: a-100—Federal—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To oe and adapt equipment and develop methods for the pilot- 


plant production of new and useful chemicals from pine gum and its 
products and to produce these chemicals in sufficient quantities for 
commercial evaluation, with a view to developing new industrial out- 
lets for pine, gum. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: a-100-1—Pilot-plant production of the product of the chem- 
ical reaction between maleic anhydride and levopimariec acid. De- 
velopment of equipment and operating procedures for pilot-plant pro- 
duction of this product (maleopimaric acid), a new chemical derivable 
from pine gum. 
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RM: a—100-2—Examination of the turpentine obtained from the 
pilot-plant production of the maleic anhydride-levopimaric acid re- 
action product. To determine whether the turpentine obtained from 
pine gum used for the pilot-plant production of maleopimaric acid 
is equivalent to commercial gum turpentine. 

RM: a-100-3—Evaluation of the residual rosin obtained after pine 
gum has been reacted with maleic anhydride to remove the levopimaric 
acid. To determine the utility of rosin produced from the residue of 
pine gum obtained in the pilot-plant production of maleopimaric acid. 

RM: a-100-4—Production of products by the reaction of terpenes 
with halogenated hydrocarbons. To develop equipment and operating 
procedures for pilot-plant production of chlorinated derivatives of 
turpentine. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The basic research on laboratory-scale production of maleopimaric 
acid was conducted several years ago with regular funds in research 
on the utilization of pine gum. Larger quantities of products than 
can be produced in the laboratory were required for commercial evalu- 
ation. The design of equipment for pilot-plant production of maleo- 
pimaric acid under this project was begun late in 1947. The necessary 
equipment was fabricated and installed and is now in operation, and 
the product is being evaluated for commercial acceptance. 


D. FUNDS--ANNUAL EXPENDITURES 


In fiscal years 1948 and 1949, expenditures amounted to about 
$20,000 annually. In fiscal year 1950, expenditures were $25,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Maleopimaric acid is the first chemical product that has been made 
directly from crude pine gum without wasteful intermediate process- 
ing and transportation between plants. <A pilot plant for processing 
one barrel of gum at a time was designed, installed, and operated to 
obtain cost data. Availability of adequate samples of maleopimaric 
acid for evaluation by cooperative testing was announced in trade 
journals, and 186 requests for samples ranging in size from 1 to 100 
pounds have been filled. As a result, several promising uses, includ- 
ing production of resins, plasticizers, and emulsifiers, are being in- 
vestigated, and commercial production is under consideration by naval 
stores processors. 


F. SOME ADDITIONAL WORK NEEDED 


Pilot-plant study of new and improved products developed in the 
chemical laboratory is usually a necessary step before commercial 
adoption. Several chemicals produced from pine gum or its products 
in the laboratories of the Bureau are now at a stage of development 
where pilot-plant studies could lead the way to commercial adop- 
tion, but such studies will require additional facilities. These chemi- 
cals may prove to be useful in producing synthetic resins, plastics, or 
rubber, as emulsifying agents, or for preparing liquid coatings. 


78552——51—vol. 2-46 
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INVESTIGATIONS OF INsEcts AFFECTING Forest Propucts AND THE 
DEVELOPMENT OF ConTROL MrerHops 


(BEPQ-I-c-3—Federal—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this work is to develop the cheapest and most effec- 
tive insecticides, equipment, and raethdile for controlling termites and 
other insects that attack wood products. These insects cause millions 
of dollars loss to home owners and commercial lumber interests each 
year. The current work is concerned principally with testing the 
preservative effects of many chemicals being used as poisons in termite 
control, and of the newer insecticides in controlling powder-post: bee- 
tles, ambrosia beetles, barkbeetles, and wood borers in implement han- 
dles, green logs, and cut lumber, and in stored pulpwood in the South. 
Biological studies on certain of these insects are being conducted to 
determine the best time and most satisfactory conditions in which to 
attempt to control them. 


B. CURRENTLY ACTIVE LINE PROJECTS 


I-c-3-1—Studies of the biology and control of powder-post beetles. 
To study the life histories and habits of the various species of powder- 
post beetles, and to develop more effective methods of controlling them. 

I-c-3-2—Studies to determine the rate of deterioration of fire-killed 
timber and means of obtaining greater utilization. To acquire in- 
formation as to the part played by insects in the deterioration of fire- 
killed timber and to advise operators regarding the probable length 
of time that the timber will be worth salvaging. 

I-c-3-3—Checking the results of treating timber by introducing 
chemicals into the sapstream as a means of preventing subsequent 
insect attack. To determine the useful life of trees injected with 
chemicals for insect control, when used for such purposes as line poles, 
fence posts, or rustic buildings. 

I-<-34A—Studies of the biology and control of ambrosia beetles 
in logs and cut lumber. To develop methods of preventing ambrosia 
beetles from damaging logs and lumber. 

I-c-3-5—Studies of the use of DDT and other chemicals for control 
of barkbeetles and woodborers attacking stored pulpwood in the 
Southern States. To determine chemicals and methods of applying 
them that will reduce losses from insects in cut pulpwood that cannot 
be processed immediately. 

I-c-3-6—Studies of the biology and control of Buprestis aurulenta 
and &. /angi in Douglas fir products. To determine conditions fav- 
orable for attack on Douglas fir products of two destructive insects, 
Buprestis aurulenta and B&. langi, and to develop means of controlling 
them. 

|-c-3-7—Study of structural methods for preventing damage to 
buildings by termites, in cooperation with architects and engineers of 
the Federal housing agencies and the Department of National Defense. 
To obtain information regarding structural practices that will make 
buildings resistant to attack by termites and to assist the various 
housing agencies in applying this information. 
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I-c-3-8—Experiments with chemicals used as soil poisons for pre- 
venting and controlling termite infestations. ‘To evaluate a large series 
of chemicals for possible use as soil poisons and to test the more 
promising ones by using them in the practical treatment of infested 
buildings. 

I-c-3-9— Experiments in the use of chemicals to prevent damage by 
termites to fiberboard and wood products. To develop effective 
treatments for preventing termite damage to various types of insula- 
ting material and wood conversion products. 

[-c-3-10— Testing of fabrics and insulating materials, treated with 
decay and mildew-proofing chemicals, as to their resistance to attack 
by termites. To obtain information which will make it possible to 
prevent termite damage to fabrics and insulating materials even under 
severe tropical conditions. 

I-c-3-11—Tests of proprietary insecticides for control of termites. 
To assist in protecting the ublic against fraudulent or misleading 
claims as to the value of proc ith sold for use in termite control. 

I-c-3—12—Service tests of various chemical treatments of wood for 
protection against termites. To obtain reliable information on the 
comparative ‘effectiveness of certain chemicals, now used as preserva- 
tives to prevent wood decay, in protecting wood from termite attack. 

I-c-3-13—Tests of natural resistance to termite attack possessed by 
various species of woods, particularly woods of Central and South 
America. ‘To determine the natural resistance to termites of various 
species of woods, particularly species from Central and South America. 

I-c-3-15—Studies of the control of dry-wood termites by the use 
of DDT and other insecticides. To find a cheap and effective method 
of ¢ re heavy infestations of dry-wood termites. 

I-c-3-16 s of methods of preventing fouling and damage by 
marine organisms to piling, ships, and other structures. To develop 
improved ‘mnethods for tre: iting piling, ships, and other structures to 
prevent their attack by marine organisms. 


C, HISTORY AND EVOLUTION OF THIS WORK 


Studies of insects affecting forest products and methods for con- 
trolling them began in the nineties. Early attention was given to 
the determination of structural details to prevent termite damage in 
buildings. Later, attention was also given to the determination of 
chemicals to use and methods of applying them to prevent insect 
injury, or to control active insect infestations in wood products. Con- 
currently with the latter, attention was given to methods of han- 
dling and treating cut timber in order to alleviate subsequent damage 
by certain insects that cause great losses in storage yards. More re- 
cently, major emphasis has been placed on ev valuating the control 
possibilities of the newer, and more effective insecticides. 


D. FUNDS-—-ANNUAL EXPENDITURES 


Early work was financed by funds covering additional lines of work. 
From 1902 to 1934, however, funds varied from approximately $2,000 
to $10,000 per year. They have ranged since then from approximately 
$10,000 in 1934 to $34,000 in 19: 50, averaging $20,000. During each 
of the past 4 years about $15,000 in addition has been alloted by the 
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Department of National Defense for special studies for protection of 
military supplies involving wood products. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


L'ermite infestations prevented in buildings——It was demonstrated 
that the best time to provide protection against subterranean termites 
is during the planning and construction of a building. Practices now 
common in design and construction were developed. When these prac- 
tices are followed, effective protection is provided against infestation. 
These practices save the public large expenditures of money for 
corrective treatments and repairs. Poisonous substances, such as 
sodium arsenite and, more recently, DDT, were found effective for 
several years in preventing termites from entering the woodwork of 
buildings through the soil around foundations when these substances 
are mixed with the soil according to recommendations. 

Active termite infestations in buildings controlled.—Methods that 
were developed can be used to control termites in infested buildings. 
Various methods were developed for use in different types of struc- 
tures and for termite infestations of different intensities. Such 
infestation may be controlled by simple structural changes in some 
buildings, while these changes should be supplemented by the use of 
soil poisons in others. Soil poison and methods of application were 
discovered and developed that can be used for this purpose. 

Powder-post beetle control—It was shown that oil solutions of 
chemicals such as pentachlorophenol, DDT, benzene hexachloride, and 
chlordane are effective in controlling infestations of and preventing 
attack by powder-post beetles. It was found that No. 2 fuel oil 
alone will destroy all infestation present in the wood at that time 
but will not prevent subsequent attack in small dimension stock such 
as tool handles. Heat and fumigation treatments were found effective 
for treating infested stock, but not in preventing future attack. 

Wood borer and barkbeetle control in stored pulpwood, green logs, 
and lumber in the South—Barkbeetle and woodborer attack is com- 
pletely prevented in stored pulpwood for at least 3 months in the South 
by spraying the wood soon after cutting, with various formulations of 
the insecticide, benzine hexachloride. Ambrosia beetles that attack 
green logs and lumber cause huge losses and these too have been con- 
trolled for various periods with this chemical. This has been one of 
the most serious problems of lumbermen where the warmer climate 
allow insects to be active throughout much of the year. 

Means to prevent insect attack in poles and material used in rustic 
construction by poisonous substances were discovered.—Methods for 
their introduction into the sapstream of living trees were developed 
which render the chemically-impregnated wood safe from insect attack 
for several years thereafter. 


F. SOME ADDITIONAL WORK NEEDED 


Biological studies of wood products insects needed.—Studies should 
be conducted to determine the effect that various environmental fac- 
tors have on the food requirements and rate of growth of these insects, 
especially of powder-post beetles, to determine the effect on popula- 
tions of these insects when they are required to feed on wood cut at 
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different seasons and handled in different ways. Some of these insects 
are affected profoundly by the starch content of the wood. This food 
item is known to vary in amount in wood cut at different seasons, or 
when handled in different ways after it is cut. A thorough under- 
standing of the effect of the above influences on powder-post beetles 
should permit the classification and utilization of wood products in 
such a manner that infestations of these insects are held economically 
toa harmless level, or completely prevented. 

Equipment should be developed for applying insecticides to logs 
more effectively.—To develop and test various types of equipment for 
applying the newer insecticides to logs, lumber, and pulpwood to 
protect them from injurious attack by such insects as ambrosia beetles, 
bark-infesting, and wood-boring insects. 

Electronic devices for controlling wood borers should be studied. — 
Preliminary investigations indicate the possibility of killing borers 
in wood by exposing the wood to electronic radiation. The possibilites 
of this control method should be further explored. 

Soil poisons for subterranean termite control should be studied 
further.—Further efforts should be made to develop soil poisons for 
termite control that possess longer lasting effects than those now in 
use; that are safer to handle; and that are non-injurious to shrubbery. 
Efforts should continue to develop the cheapest possible mixtures of 
these and the best methods of applying them. 


CROSS REFERENCES-——UTILIZATION 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 


BEPQ—RM: a-42, Chapter 31, using woods to protect woolens against insects. 
BAIC—RM: a-—152, Chapter 16, maple sirup and other maple products. 


C. MARKETING 
ResEARCH ON MARKETS AND Prices ror Farm Forest Propucts 
(Forest Service—OES—RM: c—5—Federal-State—RFA and Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine marketing problems which are handicaps to better 
forest management and utilization practices, and to devise ways and 
means for overcoming these handicaps to efficient timber marketing. 
In the eastern part of the country a high percentage of the output of 
forest products originates on farm woodlands. The marekting of tim- 
ber cut on these woodlands has long been recognized as a major diffi- 
culty for farm woodland owners. As an initial step toward over- 
coming such problems, a series of farm woodland marketing studies 
financed by RMA funds was initiated in 1948. Marketing research 
work is centered in three regions: the Southeast, Central States, and 
Northeast. Recent work under regular funds has been concerned with 
marketing of Christmas trees in the Rocky Mountain region to develop 
crading systems, market information, and possibilities for producer 
associations. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


Marketing surveys.—To determine what changes in the present mar- 
keting system and what market information services or institutions 
can be most effective in increasing returns from the harvesting and 
sale of timber and timber products. 

Preparation of timber buyers’ directories —To catalog, distribute, 
end test the utility of local timber-buyer directories as a means of 
facilitating the marketing of farm timber. 

Development and testing of specifications and grades for various 
forest products.—To express differences in quality by a set of product 
grades and to relate price differentials to those grades. An effort is 
being made to get grades accepted and used for sawlogs in the North- 
east and for bolt specifications in the Central States. 

Price reporting service.—To develop, in cooperation with States and 
other agencies, methods for periodically obtaining basic price data for 
timber stumpage, sawlogs, bolts, posts, poles, and other farm wood- 
lot products. This involves the development of effective procedures 
for price reporting and for dissemination of such data. 

Marketing Christmas trees —To analyze the marketing problems 
of Montana Christmas tree producers and develop solutions to these 
problems. 


C. HISTORY AND EVOLUTION OF THIS WORK 


An allotment of RMA funds for research in marketing of forest 
products was first made in 1948. At that time three studies were 
initiated, one each in the central, southeastern, and northeastern 
regions. These studies were placed under the active field direction of 


the Forest Service experiment stations. Local areas of work were selec- 
ted by each experiment station. Line projects initiated in 1948 were 
continued into 1950. Work under regular funds was initiated in the 
northern Rocky Mountain area in 1948 and terminated in 1950 with 
preparation of a bulletin to be published by the University of Mon- 
tana. 


D. FUNDS—-ANNUAL EXPENDITURES 


Allotment of RMA funds for marketing research in 1949 and in 
1950 amounted to about $40,000 annually. About $7,000 of regular 
funds was allotted in 1948 and 1949 and about $4,000 in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


In Missouri, a marketing study developed grade specifications for 
white oak stave bolts, using these grades to express differentials in 
quality between bolts and sawlogs.—It has been found that the returns 
are three or four times as much for a given quality of white oak stave 
bolts as for sawlogs. 

In the northern New England States the survey indicated that forest 
owners of small holdings are confronted with a lack of markets for 
low-quality hardwoods.—The study showed a need for the development 
and wide use of standard specifications to enable forest owners to 
readily recognize trees suituble for various specialized uses such as 
handle stock. veneer logs. and turnery produets, 
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A preliminary survey of markets and prices of forest products in the 
DEL-MAR-VA (Delaware, Maryland and Virginia) Peninsula has 
shown that woodland owners receive only a fraction of potential cash 
yeturns.—The study indicated further that the average woodland 
owner is not interested in deriving income from working in his wood- 
lot, and that present hardwood markets are not fully utilized because 
of the poor reputation of hardwood timber products produced in this 
area. Findings of the study also indicated a price reporting service 
would require considerable time and effort but that such a service could 
have a strong influence in increasing returns to farm woodland owners. 

Forest products directories for southwestern and southeastern 
Georgia brought together information on prices and product specifica- 
tions for woodland owners and timber buyers for all of the important 
timber products cut in those areas.—Market information was presented 
for sawlogs, veneer logs, pulpwood, poles, piling, cross ties, fence posts, 
small dimension bolts, handle and ski logs, and other miscellaneous 
products. 

In western Montana Christmas tree grades have been developed and 
their use is now being encouraged and adopted.—One large company 
has already adopted these grades. Extension of their use will go a 
long way toward maintaining and possibly opening up new outlets 
for Montana Christmas trees. 


F. SOME ADDITIONAL WORK NEEDED 


Develop improved marketing procedures as a means of increasing 
the efficiency of the marketing system.—Marketing of forest products 
by the land owner is done in many ways, i. e., by timber buyer contact, 
lump-sum sale of timber to sawmill operators, sale of special products 
to various buyers, sales of land and timber, sales through marketing 
services of a semipublic character, etc. Some of these channels are 
more efficient and better adapted to local situations than others. Studies 
are needed to determine the advantages and disadvantages of the 
various methods in given situations. 

Develop grades for determining quality differentials for all major 
forest products.—Preliminary work with grades and market specifica- 
tions indicates that feasible methods of obtaining fair market values 
for timber owners can be adopted. Because of the many hardwood and 
softwood species, of the many different products obtainable from one 
species, and even one tree, and of the wide differences in prices offered 
for various products, it is desirable to do more work in the field of 
product standardization through grade specifications. 

Determine the feasibility of specialized marketing services such as 
concentration yards, cooperative associations, central dry-kiln facili- 
ties, and central sawmills specializing in grade production from the 
standpoint of benefits derived by the woodland owner and of the prob- 
lems involved in providing such services —In the Eastern States the 
lack of adequate manufacturing facilities as well as the lack of market 
information limit the returns from forest products. How to obtain 
marketing facilities and services is a major question that needs detailed 
study. 

Reliable and informative data are needed on timber stumpage and 
log prices.—The importance of reliable price data has been recognized 
in agriculture and in most major industries but almost nothing has 
been done to provide statistically sound price data for stumpage, logs, 
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bolts, poles, and other forest products. With the rapid rise in prices 
in wartime and the likelihood of price-control measures, the need for 
basic price data for forest products is urgent. Timber growers cur- 
rently have no reliable source to guide them in determining the prices 
they should ask for timber they want to sell. A research project to 
find economic and statistically sound methods for collecting and dis- 
seminating price data, as well as to compile current price data, is of 
high priority in the forest economics field. 

Markets for low-value timber need to be developed to get full 
utilization of the forest resources.—In all sections of the country 
there are some species which the timber grower has difficulty in sell- 
ing, and there is often trouble in selling low-quality material. De- 
velopment of markets for such timber would increase returns from 
forest land. Numerous methods for reducing costs of logging and 
utilizing low-value timber need to be investigated and new uses for 
timber explored. 


Price, SuppLy AnD ConsuMPTION ANALYSIS FoR Farm Propucrs 
(Navau Stores) 


( BAE-—A-2-7—Federal—Regular Funds) 


(Related work in this project is discussed in other commodity chapters and in 
chapter 27, Prices and Income.) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) appraise the current and prospective economic position of 
naval stores, and (2) publish an outlook statement for the 1950-51 
period. 


B. CURRENTLY ACTIVE LINE PROJECTS 
A-2-7-20—Analysis of current situation and outlook for naval 
stores. To appraise the current and prospective economic position of 
naval stores; to publish long-time statistical series on prices, produc- 


tion, and utilization of naval stores which are relevant to such an 
appraisal; and to publish an outlook statement for the 1950-51 period. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This is the first situation and outlook report on naval stores to be 
undertaken in BAE. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The cost of this work (all on regular funds) during the 1950 fiscal 
year was approximately $1,200. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


No previous work of this type attempted in BAE. 


F. SOME ADDITIONAL WORK NEEDED 


Further basic work is needed on factors affecting the prices, pro- 
duction, and utilization of naval stores, with the aim of developing 
regular appraisals of the economic situation for the commodity. 
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CROSS REFERENCES—-MARKETING 


For additional information especially pertinent to subjects reported 
on in this chapter, see also: 
BPISAE—RM : c-217, Chapter 36, improved processing facilities. 
EXT—RM : ¢c-95, Chapter 37, farm forest products marketing. 
BAB, PMA, OES—RM : c-29, Chapter 22, market supplies, movements, and 
prices. 








SOILS, WATER, AND FERTILIZERS 
Chapter 22—Part II 


Foreworp 


Research studies on the handling of soils, water, and plant nutri- 
ents continuously yield information essential to improving soil man- 
agement in widely varying farming areas and conditions in the 
United States. Investigations directed toward that end are reported 


in this chapter. These ‘studies are devoted largely or entirely to soil 
and water conservation; land-use management; the control and use 
of water, including drainage and irrigation : fertilizers; and soils 
survey and cl lassification. 

Considerable work is reported in other chapters which also has a 
bearing on soil conservation and related subjects. Cross references 
to such material are given at the end of this chapter. 
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SOIL, WATER, AND FERTILIZERS 


INVESTIGATIONS FOR THE DersiGN AanNp IMPROVEMENT OF CROPPING 
Practices ror Sou aNnpb Water ConservATION, BAsED ON THE BEST 
Lanp Use 


(SCS—R-1-1—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


These studies are devoted to the improvement of cropping practices 
and systems such as rotations, contour tillage, stubble mulch culture 
(using crop residues), special green-manuring crops and other meas- 
ures for reducing soil losses. Methods are chosen and tested in the 
light of the best land use for the soil types found in areas of special 
erosion risk. They are based also on the land-use capability classes 
found on the experimental areas. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-1—1-1—Development of cropping practices for land that is capa- 
ble of standing frequent cultivation in row crops. To develop the 
most effective tillage practices and rotations for soil and water con- 
servation and to maintain the best crop yields on relatively level land. 

R-1-1-2—Development of cropping practices for land that is capa- 
ble of standing frequent use in tilled crops only if intensive soil- 
defense measures are applied. To develop better methods of soil and 
water conservation for land with a moderate erosion risk, through 
such practices as strip cropping, crop rotations, mulch culture, and 
terracing. 

R-1—1-38—Development of cropping practices for land areas that 
are capable of only infrequent cultivation and require intensive soil- 
defense measures for continued productive use. This project deals 
with cropping practices that are necessary for the continued economic 
use of steeply sloping land. The value of long rotations in which sod 
crops predominate is being tested. Both legumes and nonlegumes 
are being employed and various types of terraces are being used. 

R-1—1-4—Development of cropping practices for the economic use 
of land areas upon which cultivation is normally not feasible. To 
develop permanent, improved pastures or tree crops on steep erodible 
land, and avoid plowing or clean tillage. 

R-1-1-5—Development of cropping practices for areas susceptible 
to wind erosion. To develop safe use of land subject to wind erosion 
by means of mechanical and vegetal windbreaks, surface protection 
by crop residues, stubbles, subsurface tillage, and extensive use of 
improved grass crops. us, 

R-1-1-6—Development of specialized practices for rebuilding and 
utilizing severely eroded areas, To develop protective measures, such 
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as methods of gully control, use of — amendments, water di- 
versions, and revegetation for badly eroded land. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work project, designed to develop plant covers and mechanical 
methods of erosion control, was started at the soil and water conserva- 
tion experiment stations in 1929. An important part of the work has 
been the quantitative determination of soil and water losses under 

various types of cover, cropping systems, and methods of cultivation. 
Most of the methods used in the early erosion control demonstration 
projects had been developed and tested at the soil and water conser- 
vation experiment stations. The studies now are pointed especially to 
getting information needed by soil-conservation technicians working 
in cooperation with soil-conservation districts. Although the general 

value of many conservation procedures is known, new problems are 
being met constantly as the Soil Conservation Service extends its 
work in cooperation with districts into areas where information on 
the best way of conserving difficult, highly erodible soils is lacking. 


D. FUNDS—-ANNUAL EXPENDITURES 


During the past 5 years the budget for this work project has ranged 
from $430,643 in ae to a low of $269,500 in 1948. The 1950 fiscal 
year budget was $363,745. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The most outstanding accomplishment under this project has been 
the development of the principles and practices of stubble-mulch 
culture. The use of crop residues such as straw or corn stalks for 
soil protection was first employed as an integrated cropping proce- 
dure at the Soil Conservation Service research ] project, Lincoln, Nebr. 
Stubble-mulch culture protects the soil from the impact of raindrops 
and prevents excessive runoff. Under many conditions in the Great 
Plains, crop yields under this practice have been as good .or better 
than those with conventional plowing. In more humid regions, how- 
ever, especially with heavy melting snow and cold soil temperatures, 
nitrification has been delayed and crop yields have been reduced. 
There are problems still to be solved with the practice. 

At the close of fiscal year 1949 more than 28,130,000 acres of stubble- 
mulched land had been planted, testifying to the soundness and popu- 
larity of this practice. 

Measurements of soil and water losses from plots under controlled 
conditions and on various soil types have provided the basis for deter- 
mining comparative rates of losses under a diversity of cover ranging 
from bare ground to permanent sod. 

Cotton plots cropped continuously, on moderately sloping land at 
four southern locations, lost from 19 to 30 tons of soil per acre each 
year. Growing the same crop in a 4-year rotation reduced the loss by 
30 to 63 percent, whereas planting to permanent grass permitted 
only traces of soil to wash away. With continuous corn, in the Middle 
West, soil losses were still greater and rotations were even more effec- 
tive in reducing soil movement. 
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A finding of notable value for erosion control was the proof that 
thick grass or grass-legume mixtures hold soil in place so effectively 
that soil and water losses are no higher than under a good forest cover. 

It was found that rotations which included two or more years of 
grass, or grass-legume mixtures, created a soil structure that resisted 
erosion when the land was in the cultivated crop that followed. 

The value of vegetal mulches and crop residues to promote infiltra- 
tion of water into soils and prevent the formation of a puddled surface 
layer has been proven on a wide variety of soil types. 


F, SOME ADDITIONAL WORK NEEDED 


There is urgent need for additional information on stubble mulch 
practices under a variety of conditions in the humid sections of the 
Eastern States. Additional study should be made of the use of ap- 
plied mulches, such as surplus litter and wood chips, in many places 
of the Northeast where mulches cannot be used until the soil has 
been warmed in the early summer. Suitable machinery must be de- 
veloped for applying mulch in the New England States. 

There is also a demand for information on stubble-mulch procedure 
in portions of the Pacific Northwest where experimental work is not 
now under way to solve the problem of handling heavy straw in areas 
of comparatively light rainfall. Work in the Columbia Basin, started 
in 1949, needs to be greatly increased. 

There is need for further study of improved rotations for special 
problem areas in the Central West and for the development of more 
diversified farming systems for the southern Piedmont and similar 
sections in the South. 

At the present time there are no good winter cover crops for Maine 
potato lands to give protection to the land after the crop has been 
harvested. Such cover should be of a type that will make fall growth 
and live into the spring season. 

There is urgent need for further work on methods of increasing 
the permeability of claypan soils in Missouri and related areas in ad- 
jacent States. 

Further work is required on range and pasture studies in the north- 
ern High Plains of Wyoming to develop and test improved grasses 
and legumes. 

In the Palouse country of the Pacific Northwest, there are appreci- 
able areas of eroded hilltops and hillsides where there is little surface 
soil left. The possibility of developing alfalfa-grass or sweetclover- 
grass seedings to reclaim this land for crop use should be investigated. 

Additional research is needed on methods of handling the slowly 
permeable till soils of northern Illinois where experimental work on 
a limited scale has recently been started. 


INVESTIGATIONS OF Som Prorerties THar Arrect THE ResisTaNCEe OF 
Sorts ro Erosion AND DeTeRMINE THE Success oF Meruops or Ero- 
ston Con TROL 

(SCS—R-1-2—Federal-State—Regular Funds) 

A. PURPOSE AND NATURE OF CURRENT WORK 
Since the soil itself is one of the principal factors affecting the 
amount of runoff and erosion that takes place under any given set of 
conditions, it is essential to determine the soil properties that make 
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land particularly subject to the erosion process. This information can 
then be used to develop more effective and economical erosion-control 
practices. 

B. CURRENTLY ACTIVE LINE PROJECTS 


R-1-2-1—Studies of soil erodibility. To determine the effect of 
moisture, structure, consistency, organic matter, and chemical com- 
position on the resistance of soil to erosion. This information forms 
the basis for developing better erosion-control practices and judging 
whether they will be adapted to other areas. 

R-1-2-2—Study of soil moisture relationships as a means of de- 
veloping better soil and water conservation practices. Particular at- 
tention is given to the moisture-holding capacity of soils and the im- 
provement of the water-holding ability of soils by methods of tillage 
or by soil amendments such as organic matter, lime, or plant nutrients. 

R-1-2-3—Study of characteristics of eroded material and the effect 
of soil losses on the properties of the soil that is left in place. Work 
includes studies of the nature of the material eroded from the con- 
trol plots at the soil and water conservation experiment stations and 
other experimental tracts. 

R-1-2-4—Soil permeability and soil infiltration studies and a de- 
termination of the factors affecting these soil properties. Field 
studies include the use of various types of infiltrometers as well as 
artificial rainfall devices. In the laboratory, determinations are made 
of the movement of water through parts of the soil profile, through 
the use of small undisturbed soil samples. 

R-1-2-5— Investigations of plant residues and organic matter ap- 
plications and their effect on soil erodibility. Work under this proj- 
ect is devoted to finding the effect of various types of organic matter 
upon soil structure and other important soil properties. 

R-1-2-6—Investigations of the biological factors influencing the 
maintenance of favorable moisture conditions and favorable soil struc- 
ture. These studies are devoted to finding the specific effects of vari- 
ous fungi and bacteria upon soil properties, particularly the changes 
that occur under surface mulches and those that follow the addition 
of organic matter to the soil in green manure or various types of com- 
post. 

R-1-2-7—Investigations of soil organic matter as it relates to soil 
and water conservation. This work is devoted to a study of the 
changes in organic matter in the various parts of the soil profile 
under different types of conservation practices, and to studies of 
ways to maintain a better supply of organic matter in the soil. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work started in the Bureau of Chemistry and Soils soon after the 
early erosion-control stations were established in 1929. Work at that 
time was largely concentrated upon the nature and properties of soils 
affecting their erodibility and of the material eroded from the first 
control plots that gave measured soil and water losses under controlled 
conditions. These studies have been continued and expanded by the 
Soil Conservation Service and have been pointed particularly to 
finding the important factors affecting the soil properties that en- 
able soils to resist erosion under a wide variety of conditions. 
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D. FUNDS—ANNUAL EXPENDITURES 


The funds expended on this project have ranged from a high of 
$299,882 in 1949 to a minimum of about $239,000 in 1948. The 1950 
budget was $255,479. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Early work on this propect consisted of intensive laboratory studies 
carried out in the Bureau of Chemistry and Soils upon the material 
eroded from the control plots established at the ten original soil-ero- 
sion control stations. These studies demonstrated clearly the selective 
nature of the erosion process. The finer collodial fractions of the soil, 
together with large proportions of organic matter, were the first ma- 
terials removed by soil erosion. The surface soil tended to become 
coarse as the result of a lower content of colloidal material. This 
condition accompanied an appreciable loss of soil organic matter and 
most of the available phosphates. The water-holding capacity of 
such a soil was notably reduced and its physical structure rapidly 
deteriorated. 

Studies of soil structure demonstrated the importance of the or- 
ganic-matter fraction in the soil in maintaining a desirable state of 
aggregation that kept the major part of the surface soil in stable 
crumbs that would not be washed away in runoff water. Later in- 
vestigations showed the importance of soil bacteria and their decom- 
position products in maintaining stable soil aggregates. The studies 
helped greatly to improve our understanding of the effects of cultiva- 
tion and the importance of maintaining an active biologic population 
in the surface soil. 

Early work at the erosion experiment stations demonstrated also the 
productive value of the surface soil as contrasted with the subsoil. 
Artificially desurfaced soils could only be partly restored to their 
original productivity, and it was not possible to maintain any adequate 
types of crop production without continuous heavy fertilization to- 
gether with the addition of organic matter. 

Studies of soil permeability have demonstrated the value of sur- 
face mulches and an adequate content of organic matter in the soil 
to maintain an open, permeable soil profile which will permit mois- 
ture to pass through the soil without causing loss of valuable soil 
materials by sheet erosion. 

Methods were developed for reducing and reclaiming sand dunes 
in the Dust Bowl areas and for controlling wind erosion through 
vegetative cover and various modifications of subsurface cultivation. 


F. SOME ADDITIONAL WORK NEEDED 


Further studies are needed in soil physics to permit a better under- 
standing of the factors that preserve an open granular soil structure 
and to aid in the field treatment of many difficultly permeable soils. 

Studies are especially needed in the Northeast and the South that 
will give better use of winter cover, both green manure and mulches, 
to aid in preserving the surface soil and to improve its resistance to 
erosion. Studies in Maryland show that a winter soil cover is desir- 
able in order to protect the earthworm population that aids in de- 
veloping granular aggregates in the surface soil. 

78552—51—vol. 2——47 
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Studies are needed, especially in the regions where biennial crop- 
ping is practiced, to find better methods of retaining the organic- 
matter supply, since a notable loss of soil structure has occurred with 
the use of heavy tillage implements on fallow fields. 


STuDIES OF THE Errect oF CLIMATE AND THE ForMATION OF THE LAND 
Upon THE OCCURENCE AND ConTROL OF EROSION 


(SCS—R-1-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The work under this project is concerned with studies of climate 
and its effect upon land forms so as to determine the risks of particular 
areas to erosion. Analysis is made of climatological records to deter- 
mine the character of the rainstorms and their frequencies. These 
studies are related to finding the best land-use and water-utilization 
practices to employ on land with particular types of topography and 
soil structures. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-1-3-1—-Classification of climatological results in relation to ero- 
sion hazards. These studies aim at delimiting the climatological re- 
gions of the country in relation to soil erosion and at determining the 
climatic risks involved in various land-use practices as they affect soil 
losses. 

R-1-3-2—Evaluation of physiographic land features in relation to 


accelerated erosion caused by land use. These studies are pointed 
toward determining the effects of degree and length of slope and the 
structure of the landscape on soil and water losses so as to choose 
the best types of land use. 


C. HISTORY AND EVOLUTION OF THIS WORK 


These studies were started in 1935 and were organized in three 
sections—erosion history, physiographic research, and climatologic 
investigations. They have been pomted toward determining some 
of the major effects of climatic risks upon the occurrence of erosion 
and the evaluation of the best types of erosion control practices. 


D. FUNDS—-ANNUAL EXPENDITURES 


The 1946 budget amounted to $38,462. Expenditures prior to World 
War II were notably higher, as the studies were largely financed from 
various types of relief and other emergency funds. Reductions in the 
budget made it necessary to discontinue the major portion of this work 
in the last 5 years. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Erosion history—The work of the early soil conservationists was 
described in a series of departmental bulletins. Early American Soil 
Conservationists dealt mainly with the workers who had carried on 
experimental studies in the New England States. Early Erosion Con- 
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trol Practices in Virginia presented the work of Thomas Jefferson 
and other early conservationists. Erosion and Its Control in Okla- 
homa Territory treated the factors that led to the rapid occurrence of 
erosion and spectacular soil losses in the newly settled Oklahoma ter- 
ritory. Each bulletin has material of value for soil-conservation 
workers interested in the methods employed in early work in the field 
and in the reason for their success or failure. Papers on Erosion in 
the Ancient World, covering a wide variety of types of work dating 
back to early Roman times, were published in a number of journals. 

Physiographic research—The reasons for the spectacular types of 
erosion on the limestone soils of the Kentucky karst lands, in the 
form of sinkholes and deep depressions in fields, were studied and 
described. 

A study of earthflows or soil slumping in Ohio and other portions 
of the East, as affected by subsoil conditions, provided information 
on the causes and the best methods of control. A study of the oc- 
currence of erosion conditions in the Polacca Wash drainage basin 
in Arizona showed that methods of grazing and land use in the 
Southwest could markedly affect the occurrence of rather spectacular 
erosion under semiarid conditions. A study of the problem of gully 
erosion in the Piedmont of South Carolina provided information on 
the principles of gully erosion and methods of gully control. Studies 
of the physiographic conditions affecting runoff and soil conserva- 
tion in the Muskingum drainage basin of Ohio resulted in suggestions 
for the control of erosion in this section. 

Climatoloqgy.—The factors involved in evaporation from land and 
water surfaces and in the measurement of evapotranspiration have 
been studied for determination of moisture needs for plants. Other 
studies have provided information on precipitation in the United 
States, the manner in which rainstorms may contribute to the prob- 
lems of erosion control, and rainfall characteristics as related to soil 
erosion. 

An atlas of climatic types in the United States, prepared in co- 
operation with the United States Weather Bureau, presents the cli- 
mate from 1900 to 1939 and shows the normal position of the princi- 
pal climatic types, their variation in position from year to year, 
and the frequency of occurrence of the various individual climates. 
Such information is of great aid in evaluating erosion hazards and 
drought probabilities of a region and is essential for effective land- 
use planning. 


F. SOME ADDITIONAL WORK NEEDED 


An outstanding problem in the field of climatic studies at the 
present time is the shortage of water in the eastern United States 
where high-priced crops, such as those produced in the market-garden- 
ing areas of Long Island and New Jersey, frequently suffer during 
short or long periods for lack of rainfall. Farmers and technicians 
need reliable information on the possibility of modifying the moisture 
supply for field crops by supplementary irrigation, and on the best 
use of water during drought periods that occur almost every year in 
this region. The early danger signs of critical moisture shortage need 
to be studied for different crops. 
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Srupies or Ways or Ustne Ecoroeicat Priuxcretes To Devetor 
Berrer Eroston-Controt PRAcrices 


(SCS—R-1-4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The purpose of this project is to interpret and apply the principles 
of soil moisture and plant relationships in the development of crop- 
ping practices designed to control soil erosion, and to develop a 
system of soil and water conservation suited to eroded, run-down 
sites. This work is especially intended to find general principles 
of land use that will lead to the improvement of much of the eroded 
land that has been abandoned for satisfactory crop production. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-1-4-1— Determination of the soil and other habitat require- 
ments of crop plants in relation to their establishment, survival, 
growth, form, and consequent value in soil conservation. Work un- 
der this project evaluates special crop plants on the basis of their 
minimum requirements for satisfactory growth and yield. Studies 
are made of light, temperature, air humidity, soil moisture, and 
aeration requirements for plants that may have superior erosion 
control properties. 

R-1-4-2— Determination of inherent limitations of sites with re- 
spect to the character and form of vegetation they will normally 
support. Work under this project deals with the evaluation of site 
factors which normally are difficult to change and must be met by 
the use of plants capable of growing under unfavorable conditions, 

R-1-4-3—Determination of practical site modifications to meet the 
known requirements of desirable erosion-control plants. Work under 
this project consists of studies designed to improve eroded sites by 
special methods of cultivation or by soil drainage, including the use 
of terraces and plant barriers as well as the application of various 
soil amendments. This work is pointed toward making these unfa- 
vorable sites available for the growth of a better type of plant cover. 

R-1+44— Determination of practical associations and successions 
and their application to erosion control. Work under this project 
deals with studies of desirable combinations of crop plants to deter- 
mine their compatibility under various systems of management. 
Studies will be made also of the possible use of plant succession as 
site conditions are improved for better plant growth. 


C. HISTORY AND EVOLUTION OF THIS WORK 


This work was started in 1935. In four principal locations—Ala- 
bama, Maryland, Iowa, and California—tests were made of planting 
systems and economic plants believed to be suited to the particular 
environment of the special region. 


D. FUNDS—-ANNUAL EXPENDITURES 


The budget for the fiscal year 1946 amounted to $23,238. In recent 
years reductions in funds have necessitated closing out much of the 
work. The 1950 budget was $6,633. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 





In Texas and Oklahoma it was found possible to improve man 
rough, eroded sites where a considerable number of species of brus 
had invaded former grazing land. It was found possible to kill much 
of this brush, such as mesquite, scrub oak, and varieties of extremel 
vigorous wild roses by the the new hormone sprays. Following pi 
treatment it has been possible in a moderate length of time to rees- 
tablish valuable grass species and reclaim the land for satisfactory 
pasture use. Practical application of experimental methods used is 
inhibited by the high per acre costs, which limit the present areas to 
which they can be economically used. 

Shipmast locust, a tall, relatively thornless, straight-growing spe- 
cies, is now recognized as a superior selection well suited for planting 
on the better lands adjacent to eroded sites. It has been found to be 
notably resistant to decay when used for fence posts or other types of 
farm construction in contact with the soil. 
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F. SOME ADDITIONAL WORK NEEDED 














The results so far obtained from these studies clearly demonstrate 
a real need for more economic methods for brush eradication leading 
to the better utilization of steep and eroded areas. 


INVESTIGATION OF Erosion-Reststring Puants or Economic VALUE 
ror Improving VecetaL Controut or Erosion 


(SCS—R-1-6—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 










The purpose of these studies is to improve the economic possibili- 
ties of erosion-control practices by finding superior crops, including 
shrubs and trees, that are best adapted to economic production under 
difficult erosion-control conditions. This work is Jansill to permit 
a fuller and more diversified utilization of eroded farm land. 
















B. CURRENTLY ACTIVE 





LINE PROJECTS 





R—1-6—1—Evaluation of the erosion-control characteristics and the 
economic value of woody plant species. Work under this project 
deals with the investigation of the properties of desirable new shrubs 
and trees that’appear to have value for increased erosion control and 
economic returns. 

R-1-6-2—Evaluation of the erosion-control characteristics and 
economic value of herbaceous plant species. Work under this proj- 
ect deals with the development and testing of legumes, grasses, and 
similar vegetal soil covers that may be suitable either as barriers to 
movement of soil or for use in permanent waterways to prevent soil 
loss, 


C. HISTORY AND EVOLUTION OF THIS WORK 







This project was started in 1935 and was carried out as an integral 
part of the studies that were planned to develop a better economic 
return from steep hill land. The crops to be used would consist 
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of hardy perennial plants which could be established with a minimum 
amount of seedbed preparation or soil disturbance at planting time 
and which could compete and thrive on steep hillsides with a mini- 
mum of cultivation. Nut-producing trees and shrubs, such as se- 
lected strains of black walnut, floss, Chinese chestnut, and hazel nuts, 
high-tannin-content sumac, floss-producing milkweed for life pre- 
servers, etc., as well as selected strains of wild fruits, such as beach 
plum, goose plum, blueberries, and persimmon all offered possibilities. 
Other tree crops such as shipmast locust, curly-grained cottonwood, 
and thornless honey locust with high-sugar-content pods appeared to 
have high economic promise. 

In addition to the woody plants many perennial grasses and legumes 
adapted to steep, exposed sites were assembled. The plant materials, 
either trees, shrubs, grasses, or legumes, tested and selected under 
these line projects, were later tried out under various integrated types 
of planting described in the associated work project R-1-4, p. 1726. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The annual budget for 1946 amounted to $15,674. The 1950 budget 
was $7,344. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


In an integrated planting, consisting of an upper story of honey 

. 5 5? . . . . ¥ 
locust with an under story of lespedeza sericea and similar leguminous 
pasture plants, that was established near Auburn, Ala., it was found 


that 8-year-old honey locust trees produced over 250 pounds of pods 
per year. With a planting of 35 trees per acre this amounted to 
some 8,750 pounds of concentrates, equivalent in food value to 270 
bushels of oats per acre. Feeding tests carried out in cooperation 
with the Alabama Polytechnic Institute showed that — pods 


were equivalent in food value to oats when used pound for pound in 
a dairy ration. Cows, hogs, and mules have been fed the whole pods 
with good results. 

In Ohio, Chinese chestnut trees planted on selected portions of 
eroded land produced excellent crops of nuts and the trees appeared 
to be sufficiently resistant to chestnut blight to promise continued 
production. 

In Maryland, two outstanding hardy plants have been developed 
for the production of fruit crops on eroded land. The first, beach 
plum, grows on a wide variety of soils and yields excellent crops of 
small fruit satisfactory for jelly, jam, and other types of home pre- 
serves. A plant having even greater commercial possibilities, rabbit- 
eye blueberry, is a superior type of the high-bush blueberry. It 
promises to yield a high-quality commercial fruit that sells readily 
on the market and ships and keeps well in transit. 


F. SOME ADDITIONAL WORK NEEDED 


The studies so far carried out clearly show that there is an excel- 
lent possibility of developing management practices for orchards and 
vineyards that will give a better farm income from many eroded, 
run-down, steep lands. Studies similar to those carried on for a short 
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period in Alabama, Oklahoma, and Towa should be continued until 
complete systems of management have been perfected for hardy or- 
chards and vineyards, and for plantings of trees such as honey locust 
that are suitable for production of food and wood crops. 


INVESTIGATIONS OF MrcHanicaL Mrasures Neepep ror EFFECTIVE 
Erosion Controt AND WATER REGULATION 


(SCS—R-1-7—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Work under this project has been concerned with the development 
of supplementary measures such as terracing, graded row ditches and 
revised field lay-outs essential to the operation of integrated farm 
plans. Early in the work of the Soil Conservation Service it was 
found necessary to develop unified plans of work that took into con- 
sideration the entire lay-out and organization of the farm enterprise. 
Terraces, row grades, outlet ditches, and similar structures have 
formed an integral part of this work. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-1-7-1—To supplement and reinforce the natural resistance of 
soil to water erosion by mechanical measures, such as improved row 
design, terraces, and similar conservation treatments. Work under 
this project has been concerned with the improvement of conservation 
practices on gently sloping or steeply sloping land by means of ter- 
races, row grades, diversion dikes, terrace runoff outlets, and similar 
water conservation measures. 

R-1-7-2—Study and development of farm equipment better suited 
to the needs of efficient soil- and water-conservation practices. Work 
under this project has been concerned with the design and improve- 
ment of farm machinery suited to operation on contoured fields and 
in terrace construction. Various types of harvesting machinery suited 
to operate over terraced land worked upon the contour have been 
developed also. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Experimental work was started at the early soil erosion experiment 
stations about 1929. It has been concerned with the design and im- 
provement of better mechanical measures such as terracing, terrace 
design, terrace spacing, the use of diversion channels, and improved 
design of terrace outlets that were found essential in developing inte- 
grated farm plans. The concept of complete farm plans was one of 
the notable contributions that the Soil Conservation Service made early 
in the work that was carried out on the first soil conservation demon- 
stration projects. 


D. FUNDS—-ANNUAL EXPENDITURES 


The annual budget of this work project during the past five years 
has varied from a high of $80,268 in 1947 to a minimum of $44,724 
in 1950, 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


In some areas contour cultivation had been sufficient to provide 
adequate erosion control on relatively stable soils, but the work at 
the early erosion experiment stations soon showed that supporting 
measures such as terracing and other mechanical practices were essen- 
tial on many types of soil in order to obtain adequate erosion control 
on sloping land. 

The results obtained from the early studies established the need for 
work on erosion-control practices upon a variety of soil types so that 
terrace spacing, terrace grades, and the establishment of outlet chan- 
nels, properly stabilized with vegetal cover such as vigorous grasses, 
could form a part of the integrated farm-conservation plan. 

The rapid increase of soil erosion with greater length or steepness 
of slope has shown the need for protective measures on all sloping 
land. More recently, studies of row grades on tobacco lands have 
shown the possibility of obtaining a high degree of erosion control 
even when tobacco was planted on relatively light, easily erodible 
soils. 

Some of the uses and limitations of various types and designs of 
terraces, such as closed-end terraces designed to retain all water upon 
the land, have been determined. 


F. SOME ADDITIONAL WORK NEEDED 


There is need for further study of the possibility of using ridge 
rows without terraces on irregular to rolling tobacco and corn land 
in many portions of the South. 

Further study is needed on the development of properly designed 
broad channels for water control from terrace lay-outs on a variety of 
soil types. 

Further study is needed on terrace design and row lay-out for dif- 
ficultly permeable soils, such as the claypan soils of Missouri and ad- 
joining States, and for the highly impermeable till soils of northern 
Tilinois. 


RESEARCH ON THE Mecuanics or Winp ERosion 
(SCS—RM: b-19—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop fundamental information on the basic causes of wind 
erosion in order to devise better methods of erosion control under a 
wide variety of field conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-19-1-1—To determine the basic causes of soil erosion by 
wind in the High Plains area. Study is made of the factors that cause 
wind erosion as well as the processes by which soil material is moved 
and transported by wind. These studies will develop the basis for de- 
sign of better erosion-control practices. 

M: b-19-1-2—The relation between the rate of wind erosion and 
the principal factors affecting it. To study the physical and chemical 
soil properties such as structure, texture, kind and amount of organic 
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matter ; content of lime and alkali salts; and other soil properties that 
affect the movement of soil by wind. Studies are made also to evaluate 
the effectiveness of different plant covers and residues in protecting the 
soil against wind erosion. 


C, HISTORY AND EVOLUTION OF THIS WORK 


This project, started in 1948, will be carried out both on a laboratory 
and field scale. In the laboratory, most of the studies wil] be made by 
means of a standardized wind tunnel, and the field studies will be con- 
ducted partly by means of a portable wind tunnel. Results will be 


applicable throughout the High Plains and Great Plains country sub- 
ject to wind erosion. 


D. FUNDS—ANNUAL EXPENDITURES 


The budget of Research and Marketing funds for 1948 was $35,000. 
The 1950 budget was $32,261. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


A carefully standardized wind tunnel of laboratory type has been 
developed for use in measuring the susceptibility of differently culti- 
vated soils to wind erosion. The tunnel, designed to give winds free 
from turbulence, is demountable and readily transportable to the field. 

Preliminary tests with this tunnel have confirmed the great im- 
portance of surface preparation and roughness in the cultivation of 
fields, especially the protection given by clod structure against erosive 
winds. A wide variety of soils are being tested in the tunnel, and the 
portability of the equipment makes possible the testing of soil erodi- 
bility on lands with various field crops and types of cover. Prelimi- 
nary studies with different types of land preparation and plant cover 
have been carried out at the Amarillo Conservation Experiment Sta- 
tion in Texas. It has been found that the continuous growing of 
sorghum keeps most soils in a highly erodible condition. 

A comprehensive study of the records of damaging winds in typical 
portions of Kansas provides a better understanding of the times of the 
year at which maximum wind erosion may normally be expected. 


F. SOME ADDITIONAL WORK NEEDED 


Future emphasis will be placed on evaluating the relationship 
between the many variables that affect wind erosion in the field. 

Cropping and cultural studies are needed in the Plains areas for a 
number of years in order to evaluate the effect of land preparation 
and plant cover. ‘Testing of these factors should be made by means 
of the portable wind tunnel. 

Intensive studies of physical soil characteristics in areas that are 
susceptible or resistant to wind erosion should be made. 


Erosion ConrroL AND STaBLe Crop Propucrion on STeEriy 
Siopine Som or Purrtro Rico 
(SCS-BPISAE-OES—RM : b-74—Federal-State—RMA Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


Under the conditions prevailing in Puerto Rico, which has limited 
areas of cropland and a dense population, it has not been possible to 
retire steep hill land from cultivation in order to control erosion as 
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has been done in the United States. It has, therefore, been necessary 
to study methods of improving native pastures and to develop methods 
of erosion control for field crops such as tobacco and corn so as to 
maintain stable production on sloping land that is susceptible to great 
erosion. ‘The work is aimed toward developing a safe system of 
agriculture suitable for use under the difficult conditions found in 
Puerto Rico. 
B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-74-1—To develop an effective program for the manage- 
ment, improvement, and evaluation of forage grasses and legumes for 
soil and water conservation and for plant quality and crop production. 
The purpose of this study is to develop a safe, effective system suited 
to upland pastures where there is a high erosion risk. 

RM: b-74-2—To evaluate present soil-management and crop-im- 
provement practices used in Puerto Rico in terms of the conservation 
of soil and water for increased crop production. Work under this 
project is devoted to the improvement of cropping methods for to- 
bacco, corn, and a variety of small crops used on the limited land 
holdings in Puerto Rico. 

RM: b-74-3—To develop improved irrigation practices as well as 
drainage, water disposal, and wiecheiiiant erosion-control methods 
suited to the variable soil, climatic, and topographic conditions in 
Puerto Rico. Work on this project is devoted especially to findin 
improved methods of irrigation and erosion control suited to ieviagtied 
upland and sloping lowland areas in Puerto Rico. 

RM: b-74-4—Improvement of forage grasses for erosion control 
and increased production in Puerto Rico. Through hybridization and 
selection, to develop new grass varieties, superior in yield and nutri- 
tive value and adapted to the control of erosion under the various 
soil, topographic, and climatic conditions of the island. 

RM: b-74-5—Introduction and improvement of leguminous forage 
crops for Puerto Rico. To introduce and improve leguminous forage 
crops, by modern breeding methods, for soil-erosion control and for 
superior forage. 

RM: b-74-6—Survey of diseases of forage grasses and legumes in 
Puerto Rico. To survey and evaluate the diseases of forage grasses 
and legumes in Puerto Rico, with particular reference to their bearing 
on introductions of new and improved varieties. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies of various phases of the erosion-control problem in Puerto 
Rico were started by the Soil Conservation Service in cooperation 
with the two Puerto Rico experiment stations in 1937 and 1938. Work 
with Research and Marketing funds under the present — was 

C 


started in 1948 and has involved intensive studies carried out under 
the six line projects listed above. Results of the early work were 
used in the operations program of the Soil Conservation Service and 
the present studies are being carried out in close cooperation with 
SCS technicians working with Puerto Rican farmers. 


D. FUNDS—-ANNUAL EXPENDITURES 


Research and Marketing funds allotted to this project amounted to 
$26,845 for SCS, $12,350 for BPISAE, and $14,000 for OES, making 
a total of $53,195 for the fiscal year 1948. The total 1950 budget is 
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$58,086, made up of $25,196 for SCS, $18,790 for BPISAE, and 
$14,100 for OES. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Appreciable progress has been made in the studies of methods of 
management of Puerto Rican pastures. It has been found that native 
pastures responded only to nitrogen fertilization and the harvesting 
to a proper plant —_ or kudzu and molasses grass grown 
in combination have been developed as a successful pasture mixture. 
When fertilized with lime and phosphorus, pastures yielded about 
9 tons per acre per year. This is three times the best yield of native 
pastures. To maintain permanent yield it has been found that the 
molasses grass-kudzu mixture must never be grazed closer than 6 
inches in height. 

Profile studies on the upland soils have developed information on 
land capability and other information that gives a sound basis for 
land-use recommendations that permit growing of tobacco and other 
sash crops on land where special practices must be employed to 
maintain the soil without dangerous loss. 

Irrigation studies on sugarcane land have shown the amounts of 
water required by cane at different stages of growth. Tank studies 
have indicated the moisture range most favorable for optimum cane 
development. Appreciable water economy has been achieved as a 
result of this work. 

Systematic crop sequences combined with the use of leguminous 
green manures are now becoming a part of conservation and produc- 
tion practices for the first time. Expensive nitrogen fertilization is 
no longer needed in such systems—an important fact for the small 
grower with limited capital. 

Plants of five different strains of guinea grass (Panicum maximum 
Jacq.) of the same age and grown under similar conditions were 
found to differ significantly in size and certain morphological char- 
acters. These differences are considered great enough to warrant 
giving the five forms varietal designations; viz, gramalote, common 
guinea, broad-leaf, Borinquen, and fine-leaf. A key to the five vari- 
eties, based on specific morphological characters, has been made. The 
varieties were also shown to differ in age at flowering (earliness) and 
in the hour each reaches full bloom. The character and number of 
chromosomes in different varieties were determined. These are im- 
portant elements in breeding experiments. Percentages of viable 
seeds produced by the different varieties of guinea grass varied from 
4.5 percent to 48.7 percent. By delaying the start of seed collection 
until 10 to 14 days after first full bloom, depending on the variety, 
96 to 100 percent of the total viable seeds are recovered and the over-all 
fertility is significantly increased. 

Over 125 different species and varieties of tropical grasses and 
legumes have been evaluated with respect to climatic adaptation, 
growth habit, yield, insect and disease resistance and seed production. 
The more promising types are being further tested for climatic adapta- 
bility at three altitudes in the island (sea level, 2,200 feet, and 3,200 
feet) and also for palatability and toxicity. 
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Five different tropical legumes, grown alone and in combination 
with grass, have been evaluated for yield and chemical composition on 
two different soils. On fertile soil (Toa silty clay loam) the grass- 
legume combinations have yielded more and better forage than either 
grass or legumes grown alone. On the poorer soil (Lares clay) the 
application of nitrate fertilizer to the grass alone has proved more 
effective in increasing forage production than when the fertilizer is 
added to the grass-legume combinations. 

A form of tropical kudzu, designated “Mayaguez hairless,” with 
stems, petioles, and flower stalks free of the irritating brown hairs 
characteristic of the species, was found in field plantings at Mayaguez. 
The mutant type breeds true for the hairless character when self- 
pollinated, and offspring show intermediate hairiness when the hairless 
form is crossed back to the normal hairy parent. Tests are now under 
way to compare the mutant type with the hairy in regard to palata- 
bility and productivity. 

Reciprocal interspecific crosses have been made among the three 
species, Stizolobium deeringianun (velvet bean), S. pruritum (pica 
pica), and S. aterrimum (Bengal bean). The hybrids have proved 
highly fertile, and offspring are being grown to study the inheritance 
of the characters used to distinguish the parental species, as well as the 
all-important character of longevity. . 

Altogether 32 diseases have been found attacking 20 of the most 
important pasture grasses and legumes in Puerto Rico. Close-up 
magnified photographs have been made, specimens pressed and pre- 
served, camera-lucida drawings of spore types recorded, and spore 
size determined for the various diseases. A survey of the literature 
has been conducted for purposes of identification of the pathogens, 
and from this it appears that new types of fungi have been found. 

Ergot, an abortive cattle poison, has been found heavily attacking 
guinea grass, the predominant forage in the southwest dairy region of 
the island. Feeding habits of cattle under Puerto Rican conditions 
are such that the toxic ergot is generally not eaten, but any changes in 
feeding practices, such as cutting and storage of hay, may be danger- 
ous. The fungus completes its life cycle in Puerto Rico, and it is 
capable of continued growth even after 8 months of storage. Thus 
areas where the disease has not been reported, such as Hawaii and 
southern United States, may introduce the disease through imported 
seed. 


F. SOME ADDITIONAL WORK NEEDED 


There is urgent need of additional pasture studies in the mountain 
sections which will provide detailed pasture information for soils and 
climatic conditions typical of elevations up to 2,000 feet. 

There is a demand for studies of ground-cover and soil-manage- 
ment practices with the coffee crop that will require extensive investi- 
gation. 

Further work is required on methods of maintaining organic matter 
in tropical soils, and special green-manuring crops should ‘receive 
more attention for particular problem areas. 

There is need for continuation of the irrigation studies to help 
solve the problems of large and small sugarcane growers. 
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MANAGEMENT OF SOILS IN THE Humip Recion 
(BPISAE—d-1-1—Federal-State-Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To develop and evaluate economically sound systems of soil man- 
agement that will conserve and improve the soil resources of the 
region. Current work is planned to contribute toward (1) an under- 
standing of the principles underlying efficient soil and crop manage- 
ment in the humid region, and (2) the development, on the basis of 
these principles, of soil and crop-management systems that will form 
the ground work for a diversified and stable agriculture. 


B. CURRENTLY ACTIVE LINE PROJECTS 


d—1-14—Soil-management investigations with relation to cropping 
systems that provide adequate forage for livestock in the southeast- 
ern humid region. To determine the influence of fertilizer and lime 
on quality and yield of different forage plants with the objective of 
finding the requirements for maximum production of adapted vari- 
eties. Further, to evaluate methods for predicting fertilization 
requirements of perennial forage legumes, 

d—1-1-6—Soil-management investigations relating to improvement 
of corn production in the southeastern humid region. To determine 
the optimum fertilization practices and the most effective cropping 
systems for corn production under the soil and climatic conditions 
of the mid-South, and to find to what extent these practices influence 
the nutritive value of the grain. Further, to measure the effect of 
corn production under different levels of management on the mainte- 
nance of soil fertility. 

d-1-1-7—Evaluation of management factors affecting soil-mois- 
ture distributions and their relation to the fertilization of field crops in 
the southeastern humid region. To determine the effect of depth of 
fertilizer placement and growth of deep- and shallow-rooted legumes 
on the soil moisture and nutrient reserve and on the growth of corn 
on heavy soils; to study the interaction of moisture and other plant- 
growth factors in the growth of both hybrid and inbred lines of 
corn. 

d—1-1-9—Studies of the interaction between moisture and other 
plant-growth factors in the he aang of corn and forage crops. To 
determine the nitrogen fertilization requirements for maximum yield 
of adapted corn varieties at different levels of available moisture sup- 
plied by irrigation, and to evaluate the effects of light, moisture, 
-arbon dioxide, and other growth factors on variations in plant popu- 
lation. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The humid region, which produces about two-thirds of the agricul- 
tural products of the United States, and uses 96 percent of the liming 
materials and 92 percent of the commercial fertilizer, has faced a 
wide variety of soil-management problems throughout its history. 
Most of these problems have become intensified by decades of culti- 
vation and extravagant use of soil resources. Although Federal agen- 
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gies inaugurated research on problems relating to soil fertility as early 
as 1904, it was not until recently that coordinated soil-management 
studies in the humid region were begun. In 1943 the present regional 
program was initiated with an intensive study of the practices required 
for high yields of corn under soil and climatic conditions of North 
Carolina, and a study of the nutrient status and fertilizer require- 
ments of intensively farmed soils of New England. Soon afterward 
additional work on corn production was begun in Mississippi, fol- 
lowed by a project on fertility and management requirements of for- 
age crops in South Carolina and studies of soil structure and corn 
and forage-crop production under supplemental irrigation in Ala- 
bamia. Since initiation of this program, fairly complete information 
on the nutritional and management requirements for maximum corn 
production has been developed, and some of the problems involved 
in the growth of several forage crops have been resolved. 


D. FUNDS—-ANNUAL EXPENDITURES 


Soil-management investigations in the humid region are financed 
from funds previously designated as “Soil-fertility investigations,” 
on a crop basis. The funds formerly devoted to work comparable 
to that now designated under this work project are difficult to deter- 
mine, but in 1943, the first year of this project, approximately $19,000 
was allocated for soil-management investigations in humid regions. 
For 1950 the allocation was $34,320. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Determination of combination of practices required for high yields 
of corn.—Both the North Carolina and Mississippi projects have 
proved that by closer spacing of plants, coupled with higher rates 
of fertilization and with other practices optimum, the maximum yield 
of corn throughout the southeastern humid region can be raised to 
more than double that previously thought possible. These findings 
have been quickly accepted by many farmers through the extension 
program, and as a result, the average corn yield for the southeastern 
region has been increased by 50 percent since 1944. 

Evaluation of fertility status of potato-area soils—An investiga- 
tion of the fertility status and fertilizer requirements of soils used 
for potato production in the northeastern and southeastern parts of 
the humid region has shown that fertilizers containing a lower ratio 
of phosphorus are adequate. The resulting changes in fertilizer appli- 
cation practices have brought about material saving. 

Determination of management practices required to maintain a 
satisfactory protein content of corn.—With the introduction of corn 
hybrids having high potential yields, the protein content of grain 
showed a marked decrease throughout the region. It has now been 
demonstrated, however, that this tendency can be overcome by the use 
of the proper balance of rates of nitrogen fertilization and plant 
population. 

Determination of fertility requirements of alfalfa in heavy soils of 
the Piedmont.—Experiments in South Carolina have demonstrated 
that, contrary to the common belief, excellent yields of alfalfa with 
persistence of stand for a number of years can be made on the less 
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productive soils of the Piedmont area through the use of proper 
fertilization ahd management practices. 


F. SOME ADDITIONAL WORK NEEDED 


Determination of the most effective use of forage crops in rotations 
adapted to the soil and climatic conditions of the region.—An efficient 
and stable agriculture throughout the humid region is dependent upon 
maintenance of soil organic matter and soil tilth through the efficient 
production of forage crops and upon effective use of the improved soil 
productivity and water conservation resulting from their growth. In- 
formation is urgently needed on the fertilization and management re- 
quirements of various forage crops grown in rotation with other crops, 
on the rate of accumulation of desirable soil chemical and physical 
properties following the growth of annual and perennial legumes, on 
the magnitude and persistence of such effects, and on water conserva- 
tion. Such studies are needed in the major soil and climatic sections 
of the region as part of the Department’s research program on soil and 
water management and conservation. 

Evaluation of the influence of management factors on efficient use of 
phosphate fertelizer—The residual or carry-over value of phosphorus 
that accumulates in the soil from fertilizer applications and the rela- 
tive efficiencies of the various commercial sources of phosphorus in 
building up the soil’s available phosphorus supply is one important 
phase of the larger problem. The solution of this and such other 
problems, as time and frequency of application in the rotation and 
placement for pasture and meadows, could result in extensive savings 
to farmers, and, at the same time, conservation of national phosphate 
resources through more efficient phosphate fertilization practices. 

Increasing the reliability of fertilizer and lime recommendations by 
improvement of soil and plant tests for major and minor nutrient 
elements. Farmers spend about $750,000,000 annually for fertilizers 
and lime. Most fertilizer recommendations are based on the accumu- 
lated experience gained from field trials where fertilizers are applied 
at different rates and ratios for a number of years. There is a rapidly 
increasing need and demand for improved fertilizer and lime recom- 
mendations for the individual farmer based on soil and plant analysis 
and a knowledge of soil-management practices on his farm. In recent 
years several States and commercial agencies have attempted to 
furnish this service. Results are only moderately satisfactory, because 
of inadequate tests for estimating the rate of release of nutrients from 
soils to the crop and because of insufficient data on the nutrient re- 
quirements of crops at different stages of growth. Needed are investi- 
gations to develop methods and data that will increase the accuracy of 
fertilizer and lime recommendations for the individual farmer. The 
investigations would include studies on secondary and minor elements 
which have been somewhat neglected. 

Improved coordination of current and new research.—This project 
has been limited, with minor exceptions, to work in the Southeastern 
States. Even there the Bureau’s work is only a small part of the 
total soil-research program required. Many Southern, North Central, 
and Eastern States of the humid region have good soil-management- 
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research programs. The effectiveness of such research would be en- 
hanced greatly by improved coordination of work underway. The 
value of Bureau participation as a coordinating agency has been 
demonstrated by work in the South and by investigations with radio- 
active phosphorus. 

Fertility investigations are needed to complement erosion control, 
drainage, and irrigation investigations of the Soil Conservation Serv- 
ice, as contemplated in the Department’s research program on soil 
and water management and conservation. 


Sorm-MANAGEMENT INVESTIGATIONS IN THE Dry-Lanp Reatons 
(BPISAE—d-1-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop and adapt for farmers use the best systems of soil 
management and crop production in dry-land areas and (2) study the 
effects of long-time tillage, rotation, and management practices on soil 
fertility, crop production, and quality. The current work involves 
field-plot work at a number of USDA and State field stations and, in 
recent years, is particularly concerned with development of soil-man- 
agement practices which will arrest or reverse the downward trend in 
organic matter and nitrogen content of soils under cultivation in the 
dry-land regions. Adjustments in the work are being made to place 
more emphasis on analysis to determine the chemical and physical 
changes which have taken place under the long-term rotations and 


tillage methods used. Some preliminary work has been done on in- 
fluence of soil amendments on yield and quality of crops. 


B. CURRENTLY ACTIVE LINE PROJECTS 


d—1-2-10—Effect of crop rotation, tillage methods, and soil amend- 
ments on crop production and quality and the maintenance of soil 
under dry-land conditions. To compare different methods of culti- 
vation and crop sequences in dry-land regions and to demonstrate 
their adaptability. 

d—1-2—11—Storage and use of soil moisture in different soils under 
different crops and tillage practices. To measure the effects of the 
various major tillage and management practices listed under d—1-2-10 
on the storage and use of water in soils by crops in dry-land areas. 

d-1-2-12—Observation and recording of climatic data. To obtain 
records of climatic data useful in crop adaptation and production. 

d—-1-2-13—-Farm terracing, contour farming, basin listing, and 
other similar devices in relation to erosion, storage of water in the 
soil, and yield of crops in dry-land areas. To determine the effect 
of these practices on wind and water erosion and growth of crops 
and trees in dry-land areas. 

d-1-2-14—Pasture furrowing to conserve water and to promote the 
growth of grass in dry-land areas. To measure the effect of dif- 
ferent methods of furrowing on growth of grass in dry-land areas. 

d-1-2-15—Service activities to facilitate testing of plant materials 
supplied by cooperating agencies. To make field station facilities 
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available to cooperating agencies for testing adaptability of crops and 
plants furnished by cooperating agencies. 

d—1-2-17—Methods of using grasses in crop rotations and on aban- 
doned or uncultivated lands. 'To determine the effects of grass in cro 


rotations and develop methods for regrassing abandoned and culti- 
vated lands. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work under this project is a combination of activities conducted 
under several work projects in the Division of Dry-Land Agriculture 
prior to a reorganization in 1942 which placed all soil investigations, 
other than surveys, in one division. 

Investigations of agriculture in dry-land areas were begun in 1906 
at a time when much of the land, then in public domain, was passing 
into private ownership. There was little information available on 
best methods of agricultural production in semiarid climate. Facil- 
ities of State experiment stations were limited. There was a respon- 
sibility on the part of the Federal Government to facilitate the de- 
velopment of successful farming systems on these lands. In the early 
stages there was need for field testing and demonstration of what 
crops to grow, how to grow them, and what would be the effects of the 
different management systems and cultural practices. Field stations 
operated by the Department were established in cooperation with 
States at Akron, Colo.; Huntley, Mont.; Tucumcari, N. Mex.; Man- 
dan, N. Dak.; Lawton and Woodward, Okla.; Newell, S. Dak.; Big 
Spring and Dalhart, Tex.; and Sheridan, Wyo. In addition, co- 
operation was extended to State field stations at Colby, Garden City, 
and Hays, Kans.; Havre and Moccasin, Mont.; North Platte, Nebr. ; 
Dickinson, N. Dak.; Moro and Pendleton, Oreg.; and Archer, Wyo. 
Recently, more attention has been devoted to evaluation of long-time 
results and effects from the different management systems at the sta- 
tions. Some laboratory analyses have been made in an effort to meas- 
ure changes in chemical and physical properties of soils. 

Because increased costs of operating field stations have gradually 
depleted meager appropriations for research work, a general pro- 
gram for transferring certain of these field stations to the States has 
been in progress for several years. Considerable adjustments have 
been made in several States whereby the stations are administered by 
the State under a revised memorandum of understanding. Legisla- 
tion has recently passed the Congress for actual transfer of title to 
six of the States concerned. This acceptance of administration by 
States will permit more efficient use of Federal funds in cooperative 
research with the States. 


D. FUNDS—-ANNUAL EXPENDITURES 


The initial appropriation of $13,524 for dry-land agriculture was 
made in 1907. This amount gradually increased to $242,000 in 1933. 
Except for a reduction to $197,000 in 1935 these funds remained rela- 
tively constant—near $230,000—until within the last 3 or 4 years, when 
partial allowance for pay act increases have brought them up to ap- 
proximately $265,000. In 1950 the allotment was $274,690. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The work of this project has provided the information on which 
current cultural practices and cropping systems are largely based. 
The work of the stations has also helped minimize crop failures and 
production hazards in the entire plains region. 

Soil-moisture measurements aid wheat growers in the Great 
Plains—Long-time soil-moisture studies demonstrated that the quan- 
tity of moisture in the soil at seeding time has a profound influence on 
crop yields. Seeding in dry soils failed in 7 seasons out of 10. When 
soil was moist to a depth of 3 feet or more failures dropped to 10 
percent and yields of 20 bushels or more were obtained in two-thirds 
of the year. An auger or posthole digger can be used to measure 
moisture depth and the results are applicable to spring wheat and 
grain sorghums as well as to winter wheat. In 1939 more than 17,000 
farmers in 46 western Kansas counties used the soil-moisture measure 
to decide whether or not to plant winter wheat. 

Adaptation of fallow systems of cultivation to the Great Plains 
area whereby one-half the land is summer fallowed and tilled without 
a ae in order to store moisture for crops in alternate years has made 
possible the cropping of tremendous acreages where a significant 
portion of the Nation’s grain and meat supply is produced. For ex- 
ee ag in southwest Kansas, fallow has increased average yield of 
kafir 77 to 92 percent, milo 75 percent, and wheat 87 percent over the 
best method of continuous cropping. 

Soil-management practices reduce erosion.—Soil-management prac- 
tices have been developed which reduce tremendously wind and water 
erosion for much of the dry-land areas. Stubble mulch, strip crop- 
ping, and rough tillage have proven most successful. 

Soil amendments needed.—In the more humid areas of the dry-land 
regions, it has been found necessary to add fertilizers to maintain crop 
yields. Both nitrogen and phosphorus have given increased yields. 

Downward trend of nitrogen and organic matter.—Preliminary 
laboratory studies indicate that there has been a steady decline in 
organic carbon and nitrogen in the tillage and rotation plots in all 
cases except where heavy applications of manure have been applied. 
Under some cultural practices this decrease has been as much as 50 
percent. 


F. SOME ADDITIONAL WORK NEEDED 


Evaluation of effects of management systems on soil fertility and 
experiments on fertilization, soil moisture, organic matter, and crop 
yield relationships —Work of the dry-land stations has provided a 
vast amount of information on — that can be grown, varieties, 
tillage practices, and other broad phases of agriculture in the area. 
Specific technical problems have arisen, however, that should take 
priority over these becas general investigations. The marked decline 
in soil fertility in the region indicates a pressing need for definite in- 
formation on how present management systems affect soil fertility and 
what changes should be made, and specific information on nitrogen 
and phosphorus requirements, effects of tillage methods on fertility 
and moisture, and methods of fertilizer use, either directly on grains 
or otherwise in the rotation. Decline in organic matter in the soils 
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also has emphasized the need for definite information on how to main- 

tain the organic-matter content and what levels are necessary. Dis- 
continuance of some additional field stations and transfer of certain 
others to States would permit the dropping of some of the field tests 
and demonstrations and allow initiation of investigations on some of 
these currently important technical problems. 

Improved methods for efficient use of rainfall—Although consid- 
erable progress has been made in development of cultural practices 
for storage of water in soils, there is need for more intensive studies of 
seasonal moisture requirements of crops, especially in relation to 
nutrient balance; timeliness of seeding and tiflage for maximum uti- 
lization of stored moisture; cultural practices that improve physical 
properties of soils affecting intake of water; and amount of moisture 
at seeding time required to produce crops successfully. 

Crop rotations and tillage practices which maintain organic matter 
and nitrogen.—Limited analyses of soil samples from different rota- 
tions and management systems indicate that in most of them there 
has been a steady decline in organic carbon and nitrogen. This trend 
has progressed to the point that plant nutrients are becoming a limit- 
ing factor in yields in years of normal, as well as above-normal, pre- 
cipitation. ‘There is need for development of grass rotations possibly 
containing legumes which will arrest this downward trend in organic 
matter and nitrogen, and, if possible, to reverse it. 

More supporting laboratory studies.—W ith the release of funds from 
operation of stations, through transfer of certain stations to States 
and closing of certain others, ‘there should be a cor responding strength- 
ening of laboratory and intensive field- plot studies which will serve 
as a guide in dev eloping more effective management systems for main- 
taining and improving soils of the dry-land areas. 


MANAGEMENT OF Soits UNper IRRIGATION 
(BPISAE—d-1-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To conduct research required for the development of soil-manage- 
ment systems that economically will maintain and improve soil pro- 
ductivity under irrigation with due regard to the individual require- 
ments of the important agricultural soils of the region. Field-plot 
experiments are conducted with adapted crop varieties to determine 
the most eflicient fertilizer practices, rotations, tillage methods, and 
water applications for high yields of best- quality crops. Field meth- 
ods of preventing the decline of good irrigated lands and for reclaim- 
ing or improving lands which have deteriorated because of poor 
drainage or accumulation of alkali are a part of these investigations. 
Laboratory analyses of soils and plants are made to determine effects 
of different soil management, fertilizer, and water-use practices on 
soil properties and crop quality. 


B. CURRENTLY ACTIVE LINE PROJECTS 


d—1-3-9—Plant-disease hazards and their control as they affect soil 
management and crop production on newly irrigated lands of the 
Columbia Basin. To study the occurrence and rate of spread of exist- 
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ing and introduced plant diseases on newly irrigated lands and 
develop methods of control. 

d-1-3-10—Evaluation of soil fertility and management require- 
ments of strains and varieties of available field, forage, and horticu!- 
tural crops in the Columbia Basin. To determine influence of various 
fertilizer, irrigation, stand rates, and dates of planting on selection 
of best varieties of crops. 

d—1-3-11—Evaluation of green-manure and winter-cover crops for 
the production of crops on the new lands of the Columbia River Basin. 
To determine kinds, varieties, and effects of green-manure crops on 
soil fertility and crop production. 

d—1-3-12—-Relationship of irrigation, fertilizers, and cultural prac- 
tices to soil properties and to crop production in the Columbia River 
Basin. To determine the best combination of fertilizers, rates of 
water application, and other cultural practices for efficient crop 
production. 

d—1-3-13—Relation of fertilizers and fertilizer practices to soil 
chemical properties and crop production in the lower Colorado River 
area. To obtain data on best methods of fertilization and soil man- 
agement for crop production in the lower Colorado River area. 

d—1-3-14—Evaluation of management practices and adaptation of 
strains and varieties of available field, forage, and horticultural crops 
in the lower Colorado River area. To determine adapted varieties of 
crops and management practices required for their production. 

d—1-3-15—Effect of irrigation on physical properties of soils, and 
their relation to crop production in the lower Colorado River area. 
To determine the influence of irrigation practices on soil properties as 
related to crop production. 

d-1-3-16—Plant-disease and nematode hazards and their control as 
they affect soil management and crop production on newly irrigated 
lands of the lower Colorado River area. To study the rate at which 
existing and introduced plant diseases spread under different cultural! 
practices and to develop control measures. 

d—1-3-17—Subsoil waters in irrigated lands. To determine the 
position, quality, and movement of subsoil waters in relation to crop 
production. 

d-1-3-18—Salinity conditions in irrigation supplies. To deter- 
mine the present conditions of salinity and the relation of quantity 
of salts removed by drainage waters to that being applied in irrigation 
waters. 

d—1-3-19—Boron in soils and waters and its effects on plants. To 
determine the boron areas and amount of boron in soils affecting crop 
growth and find solution for these problems. 

d-1-3-20—Irrigation, draimage, and soil fertility in relation to 
crop production in the upper Colorado River Basin. To study fertil- 
ity status, moisture tension, and soil-management practices required 
for optimum crop production in the upper Colorado River Basin. 

d—1-3-21—Root-zone reservoir conditions, and their relationships 
to water supplied for crop plants. To determine the capacity of root- 
zone reservoirs in representative areas of irrigated land and methods 
of maintaining optimum moisture contents. 

d—1-3-22—Evaluation of soil-fertility and management require- 
ments of strains and varieties of available field, forage, and horticul- 
tural crops in the Missouri Basin. To determine those varieties best 





SOILS, WATER, AND FERTILIZERS 1743 


adapted to the climate and the system of agriculture developing under 
irrigation in these areas. 

d-1-3-23— Rotation of crops on irrigated land to evaluate the yield 
and soil productivity effects of various crop sequences. To determine 
best crop sequences and fertilization practices for high yields of 
adapted crops. 

d-1-3-24—Relationship of soil physical properties to irrigation 
methods and water use in crop production in the Missouri Basin. To 
develop irrigation on the heavy soils with marked profile development 
and in the semihumid climate characteristic of Missouri Basin areas 
which differ from conditions in far western irrigation areas. 

d-1-3-25—Relationship of irrigation, fertilizers, and cultural prac- 
tices to soil properties and to crop production in the Missouri Basin. 
To integrate new irrigation methods, crop varieties, and fertilizer 
practices in balanced and complete farming systems for this area. 

d-1-3-26—Relationship of fertilizer and irrigation practices to soil 
chemical properties and crop production in the Owyhee project of 
the Missouri Basin. To determine new irrigation methods, crop 
varieties, and fertilizer practices necessary to a balanced and complete 
farming system for the difficult heavy soils of this project. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigations of crop production on irrigation projects were begun 
by Western Agricultural Extension in 1906 at the request of ‘the 
Reclamation Service. A number of irrigation field stations were es- 
tablished between 1906 and 1915 in cooperation with State agricultural 
experiment stations. At each of these a series of experiments were 
set up including crop rotations, tfllage methods, soil amendments, and 
crop adaptations. In 1910 the Office of Western Agricultural Exten- 
sion became the Office of Western Irrigation Agri iculture. During 
the twenties it was recognized that the quality of irrigation waters was 
a very imporant factor in the success of irrigation projects and in 
1922 investigations were started on the quality of irrigation waters. 
During this period farmers and orchardists of the Southwest found 
the productivity of farms and orchards seriously impaired and as a 
result boron investigations were started in 1930. In 1945 a new type 
of predevelopment investigation was initiated in the Columbia Basin 
and the lower Colorado River Basin, designed to provide information 
to prospective settlers on successful agricultural systems adapted to 
the areas. Currently the investigations under this work project in- 
clude studies on old irrigation projects to develop farming methods 
that will maintain and improve production and by the pr edevelopment 
farm method to determine in advance of settlement of new lands best 
methods of crop production to prevent costly errors by settlers. 


D. FUNDS—-ANNUAL EXPENDITURES 


The earliest record of funds used for irrigation work was in 1902 
when $5,100 was used by Grain Investigations under the item “Botany.” 
Funds were increased to $76,680 in 1910, including moneys for edu- 
cational work among settlers on reclamation projects. In 1922 the 
fund was increased to $94,000 and by 1932 to $153,940. There was a 
decline to $120,000 in 1939 following certain consolidations of func- 
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tions. In 1945 an item of $133,660 was added to provide for pre- 
development research on newly irrigated lands in the Columbia Basin 
and lower Colorado. In fiscal year 1950, $88,600 was made available 
for research on lands to be irrigated in the Missouri Basin and in 
New Mexico. For fiscal year 1950 approximately $442,780 was avail- 
able under this work project. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Good rotations increase yields —When irrigation research was 
started in 1906 and 1907, little was known about irrigation farming in 
the United States. Many of the farmers were using continuous crop- 
ping. The early work in irrigation set up various types of rotations 
varying from continuous crops through rotations of 6 years or longer. 
These studies have shown that under irrigation farming it is essential] 
to follow some type of a rotation. The best results have come from 
the longer rotations involving legumes. One of the locations—Hunt- 
ley, Mont.—will afford examples of some of the outstanding early 
results obtained from these investigations. Continuous cropping has 
proven unprofitable under most any conditions. With a 2-year rota- 
tion involving beets without added fertilizer, the average yield from 
1936 to 1947 has been less than 314 tons per acre. With the addition 
of phosphorus, the yield has been less than 6 tons per acre and when 
manure was applied in very large amounts, the yield has been around 
12 tons peracre. In similar treatments of a 3-year rotation the yields 
have varied from 8 to approximately 15 tons of beets, while in a 
6-year rotation the yields have varied from around 12 to 16 tons of 
beets. At this same station, in a rotation set up for maximum crop 
production, yields of beets for over 20 years have averaged better than 
20 tons per acre. The treatment involves both nitrogen and phos- 
phorus with the addition of barnyard manure in a 6-year rotation. 
Yields of other crops in the 6-year rotation for a 20-year average are: 
Alfalfa, 6.4 tons; corn, 75 bushels; oats, 105 bushels; and beans, 49 
bushels per acre. In general, rotation experiments in regions of the 
irrigated West have shown a rapid decline in productivity and fertility 
under irrigation conditions, and additions of commercial fertilize: 
have been found necessary to maintain or improve the productivity 
of the soil. 

Moisture-fertility-stand balance gives high yields —Since 1945, new 
work conducted on the fertilizer and water requirements of various 
crops in the Columbia Basin, lower Colorado River area and in Utal 
has shown tremendous increases in yield with right combinations of 
water and fertility. For example, on the Umatilla project in Oregon, 
corn yields were increased from 55 to 90 bushels per acre when fertility 
was stepped up and only 3 acre-feet of water was used, but with 5 
acre-feet of water the higher fertilizer yielded 130 bushels. In an- 
other experiment with stand of plants increased to 15,000 per acre, 
the high yield was 162 bushels. Since this experiment on corn was 
conducted, yields of over 200 bushels have been obtained at Hermiston, 
Oreg. In the Columbia River Basin, research on development farms 
and that at the main station at Prosser, Wash., have made possible 
maximum yields of crops as follows: 8.7 tons of alfalfa hay per acre, 
114 bushels of oats, 72 bushels of wheat, 174 bushels of grain sorghum, 
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40 bushels of soybeans, and 37 tons of sugar beets. The work referred 
to above is on soils that are to be irrigated under the Columbia River 
Basin project. Similar work has been underway in the lower Colorado 
River Basin where up to 12 tons per acre of alfalfa have been obtained. 
These yields have been obtained on very sandy soil on which it is dif- 
ficult to produce crops economically. Large usage of water is the rule. 
It has been thought by many that the sandy mesas of the lower 
Colorado River area could be used for only such crops as alfalfa and 
possibly citrus. Economical yields of such crops as peas, onions, 
potatoes, and barley have been obtained in experiments on the Yuma 
Mesa. 

Yields on old irrigation projects increased.—Use of recent methods 
developed through research in older irrigated areas at Logan, Utah, 
has produced 30 tons of beets per acre in an area where the aver age 
yield of sugar beets has been 13 tons. The proper use of nitrogen, 
phosphorus, and irrigation water is required for these high yields 
of beets. Other exper riments on sugar beets at Scottsbluff have shown 
the importance of early date of planting and early irrigation on the 
production of beets. As much as 6 tons per acre increase in yield 
has been obtained by irrigating at planting time. 


F. SOME ADDITIONAL WORK NEEDED 


Water requirements of crop plants under different environments.— 
The research work conducted to date shows that there are interactions 
between soil-management treatments and crop growth. The amount 
of water required by plants varies in different areas. Some informa- 
tion is available in a few areas in the West on the water requirements 
of plants and the fertilizer and cultural practices necessary for main- 
taining a permanent stable agriculture, but for a large part of the 
West adequate data are completely lacking. 

Extension of irrigation investigations to additional areas—Idaho 
has the third largest acreage of irrigated land in the Western States. 
In spite of this, there is little research work being done in this State 
on irrigation problems. There is an urgent need for soil management 
and irrigation investigations in the State of Idaho where large areas 
of land are being brought under irrigation in the Black Canyon area. 
Some of the soils have a very low infiltration rate and crop production 
in general is very poor. The Mountain Home project in Idaho is 
another area where large acreages of land are to be brought under 
irrigation. It is estimated that the Mountain Home project even- 
tually will include about 300,000 acres of land. There is urgent need 
for development of the soil- and water-management practices that will 
produce maximum economic yields of crops in these two areas. There 
are approximately 500,000 acres of irrigable land in the San Luis 
Valley in Colorado. T he majority of the acreage now being farmed is 
subirrigated. It is the only place in the United States where subirri- 
gation is practiced to any extent. The arte in such an irrigation 
system are numerous, little information is available on them, and 
there is no Federal and very little State inveitiqntio€ in progress. 

The production of many of these soils is very low, and the yields are 
marginal. With subirrigation there tends to be an accumulation of 
salt in the surface, and in some areas this is causing land to be aban- 
doned. The lower Rio Grande Valley of Texas at one time was one 
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of the highest producing and most valuable of the irrigated areas of 
the West. During recent years this area has developed problems wit! 
respect to high water tables, boron toxicity, and fertility deficiency ii 
general. There is an urgent need for research on drainage conditions 
in the lower Rio Grande Valley and on the source of boron in some of 
the orchards. A general research program on methods of irrigation, 
fertility problems, and water requirements of the various crops is 
needed. 

Complementary research on problems of water application anil 
drainage.—In accordance with the departmental research policy on 
soil and water management and conservation of agricultural lands, 
approved by Secretary Brannan, February 15, 1949, and as recom- 
mended in a report prepared at the request of the House Subcommittee 
on Agricultural Appropriations, in February 1950, there is need for 
studies by SCS on most efficient methods of water application ani 
drainage at locations where soil-management investigations are in 
progress by BPISAE. Work of the two agencies supplement eac) 
other and should be conducted concurrently to be most effective. 
Results from both types of investigations are necessary to provide 
solution to problems of farmers and ranchers on irrigated ied 


Basic Som AND PLANT RELATIONSHIPS 
(BPISAE—d-1-4—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To conduct fundamental research and discover principles that wil! 
make possible more rapid advances in the applied field of soil man- 
agement for conservation and more efficient use of soil resources. 
The current work is concerned with the discovery and development 
of physical, chemical, bacteriological, and biological methods for 
determining and evaluating soil properties that are important in soil 
management for crop production, and with the application of the 
developed methods to problems of fertility deficiencies, impaired soil 
structure, and control of both beneficial and harmful soil micro- 
organisms. 


B. CURRENTLY ACTIVE LINE PROJECTS 


d—1-4-5—Design and application of physical instruments for soil, 
fertilizer, and plant work. To develop and apply new instruments 
and methods for evaluating soil properties that have importance to 
agriculture. 

d—14—8—Effect of light intensity and color on growth and flowering 
of plants. To provide assistance, advice, and equipment to other bu- 
reau projects concerned with the way in which light controls the 
flowering of plants, with the isolation of materials responsible for the 
flowering of plants, and with the identification of plant substances 
which control flowering and elongation of plants. 

d—1—4-10—Nitrate formation in soils. ‘To determine the chemical 
steps involved in the oxidation of ammonia to nitrates in the soil, the 
effects of acidity on the process, and the rate of nitrification of soil 
organic matter under various cropping conditions. 
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d-1-4-11— Evolution of gaseous forms of nitrogen from soils by 
micro-organisms. To determine the extent to which nitrogen is lost 
from soils, to isolate the organisms causing the loss, and to determine 
the chemical reaction by which the loss of nitrogen is brought about. 

d—-1-4-12—Humus formation and effects on plant growth. To 
determine the chemical and biological factors involved in the conver- 
sion of plant materials to humus in the soil and the extent to which 
soil collcids affect the rate of humus decomposition by forming com- 
pounds that resist biological attack. 

d-14—14—Soil population in relation to crop production. To 
assimilate and study the soil micro-organisms that are connected with 
the decomposition of plant materials incorporated in the soil during 
farming operations, and to determine the effect of special soil treat- 
ments such as the use of weed killers and insecticides on soil micro- 
organisms. 

d—1-4-15—Improvement in legume inoculation and in testing 
commercial legume cultures. To provide efficient strains of nitrogen- 
fixing bacteria for new leguminous crops, to obtain improved strains 
of bacteria for crops that are currently used, and to test commercial 
cultures of legume inoculants that are sold in interstate commerce. 

d—1-4-16—Occurrence and distribution of minor elements in soils 
and plants with special reference to the quantitative aspect of soils 
and plant relations and to the development of exhaustive and precise 
methods of quantitative analysis. To develop and apply methods for 
the broad investigation of occurrence and distribution of minor ele- 
ments in soils and plants, making the element or analytical group of 
elements the unit of investigation. 

d-14-17—-Availability of potash in primary minerals of soils. To 
determine the chemical properties and mineralogical composition of 
soil minerals that are a reserve supply of potash for plant growth, 
to evaluate the rate at which this potash becomes available to plants, 
and to determine means by which rate of availability may be 
accelerated. 

d-14-21—Chemical and physical soil analyses supporting other 
research line projects and the soil classification work of the Division 
of Soil Survey. To make cooperative field and laboratory investi- 
gations to determine the physical, chemical, and morphological prop- 
erties of soils and to relate such properties to climatological, ecological, 
and geological factors in order that the proper classification and 
identification of soils can be made. 

d-14-24—Rhizosphere studies—the occurrence, nature, types, and 
importance of micro-organisms on the roots of plants. To determine 
which factors as cropping, fertilization, certain organic and inorganic 
materials, and irrigation, involve the population of micro-organisms 
on roots of plants, and to study the relation of the root microbe 
population to plant nutrition. 

d-14-33—Influence of radioactive materials on plant growth. To 
determine the effect of naturally occurring radioactive materials on 
plant growth. | 


C. HISTORY AND EVOLUTION OF THIS WORK 


Soil chemical and physical studies have been conducted by the 
Department since its establishment. Early work was done by the 
Bureau of Chemistry and later by the Division of Soils that became the 
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Bureau of Soils in 1901. At this time investigations of the texture 
and composition of soils was authorized. In 1942 the studies of soil 
micro-organisms, which had begun in 1901, were added to the soil 
chemical and physical investigations being conducted in the Bureau 
of Plant Industry. At the same time some studies on soil fertility 
were merged with this project, and some work that had been carried 
in the Division of Fertilizer Research was incorporated. As the 
project now stands its responsibilities cover a very wide range of 
activities that were carried on by several different units with much 
larger appropriations than are now available. It would be difficult 
to overestimate the importance of this work. Field investigators look 
to this project for the development of methods, procedures, and basic 
information that is necessary to improve soil-management practices. 

The project contributes materially to the laboratory support of the 
soil-classification work of the National Soil Survey. State agricul- 
tural experiment stations look to it for leadership in the development 
of analytical methods, and for basic research in highly technical and 
newly developed methods and procedures for soil studies in the 
laboratory and field. 


D. FUNDS-—-ANNUAL EXPENDITURES 


The earliest appropriation for soil investigations was $15,300 to 
the Division of Soils in 1897. These funds increased to approxi- 
mately $35,000 in 1902 when the Division of Soils became the Bureau 
of Soils. In the fiscal year 1904 soil-fertility investigations were 
begun and the appropriation increased to $68,000 and remained 
slightly above this level until 1928, when soil bacteriology was added 
and funds increased to $156,000. The appropriation of $416,000 in 
1930 included $160,000 for soil erosion. There was a reduction to 
$352,000 in 1932 when soil erosion was transferred to the Department 
of Interior. Further decreases were made incident to various reor- 
ganizations, so that in 1942 the Division of Soil Fertility Investiga- 
tions was discontinued and the present program inaugurated with an 
appropriation of $156,886, which has remained relatively constant. 
The funds for 1950 were $154,740. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Pioneer work in chemical methods for evaluating soil composition 
was carried out in the early years of this project. Attention was 
called to the importance of chemical composition in determining soil 
characteristics, particularly with regard to the clay and colloidal 
fraction of the soil. 

World-wide recognition was gained by determining, by means of 
the newly developed X-ray diffraction technique, that the clay fraction 
of most soils was crystalline rather than amorphous as had been pre- 
viously thought. This work opened the way to the classification of 
clay mineral composition and its importance in determining soil 
characteristics. 

Bacteriological and field studies \ed to a solution of the cotton root 
rot problem by means of practical soil-management practices. 

Identification of selenium as a towic substance in forage and feed 
produced in several of the Great Plains States resulted from a field 
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survey and chemical studies in the laboratory. The dangerous areas 
were delineated and some of the worst areas were withdrawn from 
general agricultural production. 

A method for determining the surface area of the clay fraction of 
soils by application of the absorption of inert gases at low tempera- 
ture has been developed. This has provided the first reliable data on 
the surface extent of clay minerals. Inasmuch as this surface area 
determines how the soils will hold nutrients and supply them to plants, 
this technique has provided another important tool to aid in determin- 
ing fertilizer needs of different soils. 

Chemical and physical research in support of the soil-classification 
work has made possible a sound classification of soils —This work has 
contributed greatly to our ability to generalize the results of soil- 
fertility and soil-management research to important soil areas as 
mapped in the soil survey. 

etermination of the presence and amount of minor elements in 
soils and plants in the early years has been followed by outstanding 
contributions to our knowledge of the importance of these minor ele- 
ments to plant growth and nutritive value of crops, and the areal 
distribution of a number of them. 

Decline in organic matter in soils of the dryer parts of the Great 
Plains determined.—Data have been obtained at several locations and 
studies have been made of the quality and quantity of the organic 
matter of the soils under different systems of soil management. The 
information has emphasized the seriousness of organic matter losses 
in the area and the need for additional information as a basis for 
developing soil-management practices that will maintain the organic 
matter necessary for adequte fertility levels and the best utilization 
of rainfall. 

Basic research on the use of radioactive phosphorus as a tool in soil 
and plant research.—The methods developed and data obtained have 
made possible the widespread use of this new tool by other projects and 
by the State experiment stations. 

In cooperation with the Atomic Energy Commission it was deter- 
mined that naturally occurring radioactive materials were not bene- 
ficial to plant growth as has been claimed by certain interests that 
were advocating the sale to and use of this material by farmers. The 


work resulted in the saving of much money and removed a potential 
health hazard. 


F. SOME ADDITIONAL WORK NEEDED 


Soil physics research.—At the present time this project is lacking 
in research directed at a solution of the progressive deterioration in 
structure of soils under humid conditions. It is particularly impor- 
tant that more fundamental information be obtained in this field 
because of the strict degradation due to the decrease in the organic- 
matter content of the soils and to compaction from the use of heavy 
machinery. The role of fibrous-rooted grasses and the deep-rooted 
legumes in improving soil aeration and permeability to water should 
be determined. 

Mineralogical research—Field mapping of soils is now done mostly 
by sight and feel. However, soils may look and feel alike and yet 
differ widely in mineral composition and consequently in manage- 
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ment requirements. Soils may, for example, release in available 
form for plant use anywhere from 5 to 100 pounds of potash annually 
per acre but the extent to which this element will be released is not 
indicated either by appearance of the soil or its total potash content. 
It can be determined only by detailed mineralogical and petrographic, 
X-ray or spectrographic, and other techniques. Expansion in the use 
of these techniques is especially needed in the supporting work for soil 
classification and in the study of soil formation. The information 
obtained is essential in developing the interpretative measures neces- 
sary in the application of soil-survey data to actual farming operations. 


Unirep States Piant, Som, anp Nutrition LAsorarory 
(BPISAE—SRF-3-10—Federal-State—Special Research Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To improve human nutrition by discovering facts that will enable 
farmers to adopt combinations of practices for soil management and 
crop and animal production that will meet human nutritional needs 
as well as the needs for economic sustained production on farms. 
Specifically, the current work is concerned with the identification and 
characterization of soil and climatic areas in the United States which 
produce crops signifiantly inferior in content of minerals, vitamins, 
or other nutrient constituents, and with the determination of practical 
procedures for correcting these deficiencies. 


B. CURRENTLY ACTIVE LINE PROJECTS 


A survey of the mineral content of forages in relation to soil and 
geological conditions and to nutritional troubles in animals. The in- 
formation obtained is needed for constructing detailed maps of de- 
ficiency areas to be used by the experiment stations in planning live- 
stock-improvement programs in these regions. 

Study of the effect of fertilizers and liming materials on the nutri- 
tional quality of forages to determine the nutritional advantages, 
other than yield, resulting from the use of phosphate fertilizers or 
lime to sheep and other test animals. The information will be used 
in reaching a decision as to the relative value of supplying phosphates 
through mineral supplements or through plants in the phosphate- 
deficient regions of the United States. 

A study of the nutritional quality of foods to determine the effects 
of fertilizer, soils, and climatic factors in various locations. The same 
foods grown in all locations are fed to experimental animals to study 
differences in nutritional quality. 

Methods for increasing the phosphorus content of pasture herbay: 
with particular reference to the use of phosphate fertilizers. Radio- 
active isotopes of | pein a are being used to determine the most 
practical means of supplying through pasture forage an adequate 
quantity of phosphorus under soil conditions that normally lead to a 
rae of phosphorus in the diet of grazing animals. 

A study of the manganese requirement of dairy calves to determine 
the essentiality of manganese for the ruminant, the symptoms of 
manganese deficiency, and the minimum requirements for manganese. 
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The information obtained will be used in evaluating the large varia- 
tions found in surveys of the manganese content of soils and of 
forages and other crops. 

A survey of the minor element content of the liver, blood, and bone 
of bull calves fed good or poor forage to determine levels of minor 
elements normally 5 sal in these organs. The data obtained will be 
used in evaluating similar data from cattle suffering from nutritional 
troubles of unknown cause. 

A survey of the minor element content of blood serum from dairy 
herds troubled with breeding difficulties to investigate possible rela- 
tionships of these troubles to deficiencies of such elements in soils. 
The results will be used in conjunction with other data obtained by 
other agencies in an attempt to correct and prevent these troubles. 

A study of factors influencing copper nutrition of the animal to 
investigate problems arising in those areas which have been found to 
be low in copper, especially on the Atlantic and Gulf Coastal Plains. 
Several other mineral elements, including iron, molybdenum, and 
zinc, affect the copper metabolism of the animal. Knowledge of these 
dietary interrelationships is essential to a solution of deficiency 
problems. 

Investigations of the influence of climatological factors on the vita- 
min content of plants with particular emphasis on effects of light and 
night temperatures on vitamins A and C. The results will be utilized 
by the Southern Cooperative Group which is carrying on a compre- 
hensive program designed to study the influence of soils, fertilizers, 
climate, and other factors on the nutritive value of foods grown in 
the South. 

Influence of mineral nutrition on the thiamin and protein content 
of oats grown under controlled conditions with a wide range of supply 
of potash, lime, phosphate, nitrogen, and other plant nutrients. The 
results will be used in interpreting the variation in composition of 
cereal grains as grown on different soils and under different climatic 
conditions, 

Studies of genetic factors associated with the vitamin C content of 
potatoes to determine those factors necessary for the breeding of com- 
mercially acceptable potato varieties high in vitamin C. The results 
will be used by potato breeders in developing new varieties which 
combine relatively high vitamin values with other desirable 
characteristics. 

Biochemical investigations of ascorbic acid (vitamin C ) formation 
and its function in plant tissue to determine the way in which ascorbic 
acid is formed, what part it plays in the plant metabolism, and why 
it tends to disappear so readily in plant tissue. The results will be 
utilized in the studies of vitamin C in relation to light and tempera- 
ture, to genetic factors, and to regional variations in this important 
vitamin in foods. 

Influence of fertilizers and other factors on the lignin and protein 
content of soybean forage grown under controlled conditions in nu- 
trient solutions to determine facts to assist in interpretation of varia- 
tions found in field results. The information obtained will be used 
in the phosphate-lime and similar feeding experiments. 


FIT 


APRS PA ODETTE 1 NOL Ts 





1752 AGRICULTURAL RESEARCH AND RELATED SERVICES 


C. HISTORY AND EVOLUTION OF THIS WORK 


A Bankhead-Jones project for a review of the literature relating 
to the problem of soil-plant-animal-man relationships was established 
in 1937. This project was expanded in 1939 into the United States 
Plant, Soil, and Nutrition Laboratory. Experimental work started 
in the summer of 1940 emphasized two ack studies designed 
to survey areas of research with respect to the relationship of soils 
and other environmental factors to the vitamin content of plants, on 
the one hand, and to the mineral content of plants and its effect on 
animals and man, on the other. The vitamin survey has led to an 
emphasis upon studies of climatic and genetic factors and to more 
fundamental studies designed to supply information needed in further 
investigations of genetic, climatic, and soil factors as well as of the 
loss of vitamins during storage of such crops as potatoes. 

The reconnaissance surveys of soil mineral deficiencies in relation 
to plant growth and animal health developed into more intensive in- 
vestigations of soil factors and plant composition in critical regions, 
The great variations observed in the mineral content of plants have 
created the need for nutritional experiments with animals to make 
possible valid interpretations of these variations, and a substantial 
part of the present program is now devoted to studies of the function 
and requirements of animals for minor elements as obtained from the 
soil through plants. 


D. FUNDS—-ANNUAL EXPENDITURES 


The initial allotment of Bankhead-Jones funds from 1937 to 1940 
averaged about $10,000 a year. In 1939 a grant of about $90,000 was 
made for the erection and equipping of a building at Ithaca, me. 
From 1940 the annual allotment of funds has varied from $101,500 
to $133,400 (1950). 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Factors that influence the vitamin content of plants.—Observei 

variations in the vitamin C content of plants from one location to 
another were of a magnitude that was of great importance in nutri- 
tion. Such variations : might be due to a number of factors associated 
with differences in location—for example, soil variables such as 
type, fertility level, and moisture; climatic variables such as tempera- 
ture, wind movement, and amount of light; or variables ascribable 
to different varieties adapted to particular locations. 

Detailed study of these variables under controlled conditions re 
vealed that the two principal factors responsible were the amount of 
sunlight and varietal differences. With potatoes, storage was o! 
prime importance. The information obtained led to a study of the 
possibility of improving the vitamin C content of potato varieties. 
The importance of this is appreciated when it is realized that under 
present conditions of production and storage, with currently available 

varieties, the potato supplies approximately one-third of the daily 
minimum requirement for vitamin C in the average American diet. 
The indications from preliminary work are that the average vitamin 
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C content of potatoes available to the housewife could be doubled 
through a breeding program. 

The development of basic facts concerning vitamins has also been 
of direct benefit and service to a number of other programs at the 
Laboratory and elsewhere, but more especially to the Southern Coop- 
erative Group in their comprehensive investigations of the effects 
of soils and climate on the nutritive value of various crops used for 
food. 

Factors related to the occurrence of nutritional troubles in animals.— 
Area patterns for the occurrence of nutritional troubles believed to 
be caused by deficiencies of minor elements, with respect to specific 
plant species, have been prepared for the United States. The occur- 
rence of nutritional troubles in animals has been mapped. This work 
shows that the most widespread trouble in animals is due to a phos- 
phorus deficiency in soils and plants. Iodine deficiency occurs over 
a wide area. Cobalt deficiencies in forages and soils occur over much 
of the Atlantic Coastal Plain and from Wisconsin into New E ngland. 

More intensive surveys were made in New Hampshire, northern New 
York, and North Carolina. In the last-named area it was found that 
the copper content of forage as well as the cobalt content was below 
normal in much of the Coastal Plain region. There were large varia- 
tions in manganese and iron contents of the forage. 

Surveys in the Northeast have led to an almost universal practice 
on the part of feed manufacturers to include cobalt in their protein 
supplements. As a consequence, trouble due to cobalt deficiency in 
these sections is now rare. 

Investigations of the nutrition of the rabbit—The rabbit is a valu- 
able test animal for the assay of nutritional quality of vegetative 
material, and a diet adequate for growth has been developed which 
is readily adaptable to the study of the minor nutrient element 
metabolism of the rabbit under carefully controlled conditions. 


F. SOME ADDITIONAL WORK NEEDED 


Research on quality of plants as grown for food and feed.—A num- 
ber of problems in connection with micronutrient elements in plants 
are worthy of attention. Since little is known about the absorption 
of minor elements by plants, a study of the role of minor elements in 
the plants is needed: ‘he nature of the compounds, if any, in which 
these elements occur and their function in the intermediary metabolism 
of the cells are very little understood. Information of this kind 
should prove useful in an understanding of some of the minor-element 
problems which occur under natural conditions. For example, why 
are legumes higher in cobalt content than grasses grown on the same 
soil under similar conditions? 

Another field which research at the Laboratory has indicated as 
important is the influence of various soil, climatological, and other 
factors upon the types of protein produced i in plants. Some observa- 
tions have been made of the influence of such factors upon the total 
amount of protein present, but a more detailed study of their influence 
not only on the amount of protein but on the kind of protein produced 
will be essential to a better understanding of the relation of soil to 
animal and human nutrition. A study of this type would have rather 
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serious but not insuperable analytical difficulties. Recent investiga- 
tions have provided various chromatographic techniques that appar- 
ently can be used. 

Losses of vitamin C in potatoes during storage-—Work in this Lab- 
oratory and elsewhere has shown that from one-half to three-fourths of 
the original vitamin C content of potatoes is lost in storage at the usua| 
storage temperatures. A solution of this problem of preserving the 
vitamin C content of potatoes would make an important contribution 
to human nutrition. 

Research relating to animal requirements for or physiological func- 
tions of specific nutrients —Animal experimentation at the Laboratory 
has been restricted to the growth phase of the animal’s life. An ex- 
tension of such studies to include the nutrition of the animal throug)h- 
out its life span and the functions of reproduction and lactation is 
necessary to permit observations of the effects of long-time border- 
line or chronic deficiencies of the minor elements and the effects of 
consuming high levels of elements, although in subtoxic quantities, 
over extended periods. 

Use of larger domestic animals as test or assay subjects —The expan- 
sion of the large-animal research at the Laboratory is essential to make 
more nearly complete the study of the soil, plant, and animal relation- 
ships. It is recognized that much valuable nutritional knowledge can 
be and has been obtained by the use of the smaller laboratory animal, 
but it is necessary to confirm these observations with the large animal 
before applying such knowledge to a feeding program for them. 
Large-animal studies of a quantitative nature have been avoided be- 
cause of the lack of adequate facilities. This is particularly true 
with respect to housing for large animals under conditions that permit 
control. Furthermore, well-controlled large-animal feeding experi- 
ments designed to test forages from areas where troubles of unknown 
origin occur are essential because it is impractical and sometimes not 
possible to study these problems in the field under ordinary farm 
conditions. 


INVESTIGATIONS OF DRAINAGE IN RELATION TO Som, CHARACTERISTICS AND 
Lanp Use 


(SCS—R-2-1—Federal-State—Regular Funds) 


A, PURPOSE AND NATURE OF CURRENT WORK 


To determine the basic pone underlying the design of land- 


drainage and water-control systems, and to develop effective and eco- 
nomical methods of constructing and maintaining such improvements. 
The current work is primarily concerned with the determination of the 
drainage requirements of various types of soil, and the development of 
efficient and economical means of obtaining and maintaining drainage 
and water-control improvements for cropland under various soil, topo- 
graphic, and climatic conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-2-1-1—Studies to determine the most effective and economical 
— spacing, and arrangement of field ditches and underdrains for 
different kinds of soil, climate, and land use. To ascertain what kind 
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and placement of drains will result in the most satisfactory control of 
ground water under various physical, climatological, agr icultural, and 
economic conditions. 

R-2-1-2—Studies of materials, methods, and equipment for con- 
structing, operating, and maintaining land-drainage works. These 
studies deal with such subjects as the development of improved methods 
for laying tile drains in quicksand; the improvement of methods of 
constructing tile drains through quicksand ; the improvement in 
methods of ¢ constructing and maintaining drainage ditches; the deter- 
mination of the requirements for drainage pumping installations un- 
der various soil and climatic conditions; the development of special 
equipment for constructing and maintaining drainage works; and the 
determination of costs of various methods of constructing drainage 
improvements. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Drainage work has been carried on by the Department of Agricul- 
ture since 1904. The early work was primarily service or extension 
work. It consisted principally of surveys and plans for the drainage 
of individual farms and drainage districts organized under State laws. 
Karly experience showed the need for research to determine the re- 
quirements for drainage improvements under the wide range of soil, 
topographic, and climatic conditions existing in the humid sections 
of the country. Beginning about 1911, studies have been conducted at 

various times on the effectiveness of tile drains at different depths and 
spacings, methods of controlling the water table in various soils, the 
requirements for drainage pumping plants, the results obtained from 
various types of drainage systems, methods of constructing different 
types of drainage improvements, and methods of maintaining drain- 
age works. Present emphasis is on the determination of drainage 
requirements for different soils under various topographic, climatic, 
cover, and farming practices; and on the development of effective and 
economical methods of constructing and maintaining drainage im- 
provements that will meet such requirements. 


D. FUNDS—-ANNUAL EXPENDITURES 


The work has been financed from funds covering several lines of 
drainage investigations, and expenditures for early years are diffi- 
cult to obtain. Rough estimates of oo for the years 1904 
to 1935 range from $3,000 to $12,000 per yea Since 1935 the ex- 
penditures have ranged from $12,000 to about $44, 000 for fiscal year 
1949. For fiscal year 1950, an additional $50,000 was allotted to 
establish a drainage experiment station in the coastal area of Georgia, 
and expenditures for that year totaled about $94,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of effective tile drainage for the blackland area of 
Alabama and Mississippi.—Until 1915 it was the general opinion that 
the wet, heavy soils of the blackland prairies of Alabama and Mis- 
sissippi "could not be successfully tile-drained. Experimental instal- 
lations of tile drains at various depths and spacings developed the 
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fact that such soils could be effectively and economically drained by 
tile lines spaced 70 to 80 feet apart and 314 feet deep. As a result of 
these findings, thousands of acres of blackland soils have been suc- 
cessfully tile drained. 

Requrements have been developed for the design of drainay. 
pumping plants in upper Mississippi Valley—The information has 
served as the basis for the design and construction of practically all 
the drainage pumping plants constructed in the upper Mississippi 
Valley since the ocupeteins of the project, and has influenced the de- 
sign of such plants in all other areas. 

Determination of effect of alkali salts on concrete drain tile and of 
the areas affected in Minnesota, Iowa, and eastern North Dakota and 
South Dakota where such salts are encountered.—In 1919 attention 
was called to the failure of many large concrete tile lines constructed 
as outlet drains at costs ranging from $25,000 to $30,000 or more per 
mile. Landowners had constructed the drains in the belief that they 
were permanent, only to have them fail within 2 or 3 years. State 
authorities requested the assistance of the Department in determin- 
ing causes for the failures. Investigations developed the fact that the 
failures were due to the deleterious effects of alkali salts in the soil 
on the concrete. The areas in Minnesota, Iowa, and the eastern part 
of the Dakotas where such salts are found in the soil have been de- 
lineated; and methods of making concrete tile more resistant to al- 
kali salts have been developed. The data apply to all concrete struc- 
tures exposed to soils containing alkali salts. 

Development of an improved method of draining sugarcane land 
in southern Louisiana—A method of improving the drainage of su- 
garcane fields has been developed that can be initiated at a cost of 
about $15 per acre. Over a 2-year period the increased income re- 
sulting from the improved drainage teh averaged about $70 per acre 
per year. According to State authorities, the improved practice 
has been adopted on more than 70,000 acres of sugarcane land during 
the past 2 years. 

Development of an efficient mole-ditching machine.—There are ex- 
tensive areas of heavy soils in the United States that can be success- 
fully mole-drained, especially where the land is devoted to meadow 
or pasture. The practice is not prevalent because a satisfactory mole- 
ditching machine has not been available. With the machines pre- 
viously available, drains could not be constructed to grade. The new 
machine, which is tractor-mounted, is cheap to build and can con- 
struct drains at a uniform grade at a cost ranging from $5 to $10 per 
acre, 


F. SOME ADDITIONAL WORK NEEDED 


Investigations to develop practical methods of improving internal 
drainage of heavy soils developed under natural wet conditions in 
Lake Plain section of Ohio and Michigan (11,000,000 acres) and in 
north central Iowa and south central Tunpecta (12,000,000 acres). 
There are now 25 soil-conservation districts in these areas with the 
prospect of 15 more being formed. The soils, which were originally 
very productive and comparatively easily drained, have been so in- 
tensively cultivated to clean-tilled crops that the soil structure has 
been practically destroyed and systems of underdrains made inef- 
fective. Although spacitig between tile lines that originaliy gave 
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good drainage has been cut in half, ay partial and temporary im- 
provement in drainage has been obtained. 

Development of an effective and economical method of surface 
drainage for the flat valley lands of the Red River of the North.—On 
more than 2,000,000 acres of land in the valley of the Red River, 
spring planting is often several weeks late because wet land shortens 
the growing season. The land is very flat, and during the growing 
season heavy rains cause water to stand on the land and drown out 
crops. It is important that a system of surface drainage be devel- 
oped that is adapted to the methods of farming followed in the area. 
The feasibility of using a system of land bedding in connection with 
shallow ditches should be investigated. 

Drainage and soil-management investigations are needed in the 
very slowly permeable till area in northeastern Illinois, consisting of 
over 5,000,000 acres of inadequately drained land. The low inherent 
productivity of the soil, together with improper land use, has re- 
sulted in an area of marginal farming. The problems include such 
items as surface drainage by various types of open ditches, by bed- 
ding, by cut-off ditches, etc., and the determination of the limitations 
in the use of tile drains and mole drains. The effect of soil manage- 
ment and vegetation on soil structure as it relates to drainage is 
important. 

Investigations relating to the maintenance of drainage improve- 
ments are urgently needed. A large part of the hundreds of millions 
of dollars’ worth of drainage improvements in the country are not 
satisfactory because of lack of proper maintenance. Department of 
Agriculture workers are constantly requested to recommend methods 
of maintaining drainage works. Little information is available on 
the effectiveness and limitations of various maintenance practices 
such as the use of chemicals, the use of various types of vegetation, 
pasturing, and mowing. 

Determination of the rate the ground-water table must be lowered 
to avoid damage to various crops.—The most efficient and economical 
depth and spacing of underdrains for different soils depends pri- 
marily on such information. Practically no reliable information is 
available on the subject. 

Determination of capacities of the low-lift drainage pumps being 
installed in the North Central States—Soil Conservation Service 
personnel are being requested to recommend drainage-pumping 
installations for controlled-drainage projects, especially in the muck- 
land areas of Michigan, Indiana, and Ohio. Cheap low-lift pumps 
that are rather crudely made appear to be fairly efficient. Definite 
information is needed, however, relative to pumping capacities and 
the power required to operate such pumps. 


INVESTIGATIONS OF THE NATURE AND ConTROL OF SEDIMENT IN ResEr- 
vorrs, STREAMS, AND VALLEYS IN EASTERN AND CENTRAL STATES 


(SCS—R-2-2—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To study the occurrence and effects of sedimentation in reservoirs, 
stream channels, harbors, and on agricultural lands; to determine 
the relationship of sedimentation to the size, soils, ground slopes, 
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climate, land-use farming practices, and erosion of contributing 
drainage areas; to determine the hydraulic principles governing the 
erosion, transportation, and deposition of ibe in stream 
channels; to develop practical methods of sediment control in streams 
and reservoirs. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-2-2-1—Investigation of the processes, causes, effects, and meth- 
ods of controlling reservoir silting. To determine rates and proc- 
esses of silting in representative reservoirs in major soil-erosion 
problem areas; to povide data on silting for proper design of reser- 
voirs, stock ponds, and farm ponds; to determine the sources of sedi- 
ment and the relationship between silting in reservoirs and the phys- 
ical conditions of soil, climate, erosion, “ground slope, and land use 
in their watersheds; and to develop methods of reducing the inflow 
of sediment into reservoirs. 

R-2-2-2—-Investigations of the processes, causes, effects, and prin- 
ciples of the control of sedimentation in streams, in harbors, and 
on lands. To determine the nature and extent of damages occurring 
as a result of sedimentation in stream channels, harbors, and on valley 
agricultural lands; to determine the effects of ‘sedimentation on flood 
control and the maintenance of fer tility of valley agricultural lands; 
to determine the sources of damaging sediment; and to develop 
methods for controlling scour and deposition i in channels and valley 
areas. 

R-2-2-3—Investigation of the mechanics, rates, and effects of sus- 
pended and bed-sediment transportation in natural streams in relation 
to the control of flood erosion and sedimentation damages. To con- 
duct investigations on natural streams and in the laboratory to deter- 
mine and verify the fundamental laws of sediment transportation by 
the flow of water in open channels; to develop practical methods of 
computing the sediment-carrying capacity of a channel from a ong 
of its hydraulic and bed characteristics, and to develop methods of 
controlling the movement and deposition of erosional debris by flow 
in channels. 

R-2-2-4— Investigations of the processes, causes, and control of 
stream-bank and shore-line erosion. The object is to determine the 
basic causes and principles of the control of stream-bank and shore- 
line erosion; to investigate the methods of controlling this form of 
erosion on areas of agricultural land, and to devise efficient and eco- 
nomical methods of stream-bank and shore-line stabilization. 


C. HISTORY AND EVOLUTION OF THIS WORK 


That the accumulation of soil material in water-storage reservoirs 
is reducing their capacities and impairing the investment therein has 
been recognized for a long time. It has ‘also been apparent that the 
erosion of sloping lands used for agriculture has materially increased 
the rate of sedimentation in reservoirs, in stream channels, and on val- 
ley lands. These conditions seriously concern agriculture through 
their effects on flood control, irrigation, drainage, and farm water 
supplies, as well as other interests such as nav igation, power develop- 

ments, and municipal water supplies. Millions of dollars are being 
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expended each year in areas where the control of sedimentation is of 
vital importance. To obtain such control requires more accurate 
knowledge than is now available concerning kinds, quantities, and 
sources of sediment in streams; the relation of the sediment load to 
physical and climatological conditions of the watershed; and the 
physical laws of sediment transportation by water heavily laden with 
solid materials. Investigations of reservoir silting were begun by 
the Soil Conservation Service in 1935. Studies of silting of streams, 
valleys, and of the principles involved in movement cf f solids by flow- 
ing water were undertaken in the same year. To date, more than 
200 bulletins, journal articles, and miscellaneous reports have been 
published on the results of these investigations in response to demands 
by engineers and others for reliable information on the subject. 


D. FUNDS—-ANNUAL EXPENDITURES 


From 1935 to 1941, annual expenditures averaged about $100,000 per 
year. With reduced appropriations resulting from World War II, 
expenditures were sharply reduced, and from 1943 to 1948 ranged 
from about $7,000 to $27,000 ; $21,000 was expended during 1949, and 
$35,000 during the year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Development of equipment and techniques for reservoir sedimenta- 
tion surveys.—Up to 1935 there was no standard method of making 
sedimentation surveys of reservoirs. Two types of surveys have been 
developed adapted to different conditions. “Among the special types 


> 
of equipment developed are the sediment spud for determining sedi- 


ment thickness in deep-water areas, the sectional silt probe for shallow- 
water areas, a special cast-aluminum sounding weight for determining 
the elevation of soft sediment deposits, and a | special core sampler for 
obtaining sediment samples at various depths. The equipment and 
techniques developed are widely used in sedimentation investigations 
by Federal, State, and local agencies. 

Determination of the seriousness of reservoir sedimentation.—Prior 
to 1934, rate of silting had been measured on oniy about 40 reservoirs 
in the country. Since then surveys have been made on about 500 of the 
10,000 principal reservoirs in the country. The results of these sur- 
veys indicate that the value of lost capacity in storage reservoirs ap- 
proaches 50 million dollars annually. It was found that 21 percent 
of the municipal water-supply reservoirs in the country have a useful 
life of less than 50 years because of silting. This revelation of the size 
of the sedimentation problem has helped to bring the seriousness of 
excessive sedimentation to the attention of all Federal, State, and 
local agencies engaged in the development of water storage. 

Determination of rates of sediment production from watersheds.— 
Studies indicate that individual watershed characteristics can be eval- 
uated separately with a reasonable degree of accuracy and therefore 
provide a basis for predicting sediment production under prevailing 
and proposed land-use changes and practices. As a result, it is pos- 
sible to predict the result that a watershed-treatment program will 
have on reducing sediment damages. 
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Determination of rates of bedload movement.—As a result of this 
study, a method has been developed for the analytical determination 
of rates of bedload movement based on the relationship found between 
discharge and bedload rate in a given cross section of a stream. ‘The 
method is being used in many sections of the country for determining 
rates of bedload movement in large and small streams. 

Investigations of density flows in reservoirs.—Prior to 1935, density 
flows in reservoirs had been observed, but little was known as to their 
causes. Laboratory and field studies were made to determine the 
feasibility of using such flows as a means of passing sediment throug), 
reservoirs and thereby reducing rate of sedimentation. As a result, 
operational studies have been developed at a number of reservoirs 
in the country for the purpose of venting sediment-laden flows. 


F. SOME ADDITIONAL WORK NEEDED 


Development of indices of sediment production by regions and drain- 
age basins.—Sedimentation is a problem in the development of water 
utilization projects throughout the country. The seriousness of the 
problem varies according to soils, land use, farming practices, climatic 
conditions, etc. In many parts of the country, little or no information 
is available on sediment production under the existing wide ranges of 
watershed and climatic conditions. 

Determination of the basic laws of sediment transportation in chan- 
nel flow.—Channel control is of vital importance in connection with 
the watershed-treatment measures recommended in flood-control pro- 
grams. Adequate and economical control requires knowledge of the 
basic laws of sediment transportation in channel flow. It is necessary 
to develop methods of determining how much sediment can be trans- 
»orted through a given channel without deposition or scour under 

nown conditions of channel dimensions, character of material in bed 
and banks, nature of the vegetal cover, and range of flow which the 
channel must carry. Both laboratory and field studies are necessary. 

Methods of channel stabilization should be developed.—Studies 
should be made of the effectiveness of various channel stabilization 
methods such as the use of riprap revetment, pipe and wire revetment, 
vegetative plantings, jetties, stabilization sills, and drop structures. 
Attempts should be made to evaluate the effectiveness and durability 
of these types of controls under different conditions of flood heights, 
stream velocities, ice conditions, and amount and character of sediment 
in the stream. 

The effects of land-use changes and conservation practices on sedi- 
mentation should be investigated.—The rate of sediment output from 
a watershed is closely related to the rate of gross erosion from thie 
watershed. Where sediment is derived chiefly from sheet erosion a) 
land-use conservation practices designed to reduce sheet erosion helps 
at the same time to reduce sediment output. Although it is known 
that sediment output can be substantially reduced through land-use 
changes, limits have not been established for different climatic, land- 
use, and watershed conditions. 

Determination of trap efficiency of reservoirs—The amount of 
sediment deposited in a reservoir depends upon the character of the 
sediment and the length of time the sediment-laden water is held in 
the reservoir. Some reservoirs trap as little as 25 percent of the 
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incoming load while others may trap 100 percent. In order to develop 
sediment production indices it will i necessary to collect and analyze 
information on the amount of sediment which passes out of reservoirs 
under different conditions that affect deposition. 


INVESTIGATIONS OF THE Errects or LAND Use AND FArMING PRACTICES 
on Frioop Frow anp Disposan oF PRECIPITATION IN CENTRAL AND 
EASTERN STATES 


(SCS—R-2-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the effects of various land uses, farming practices, 
and conservation measures on the amount, rate, and distribution of 
surface runoff with respect both to flood flow and soil erosion, and on 
the accretion, movement, and storage of ground water available for 
use of crops. The current work is particularly concerned with deter- 
mining the effectiveness of various conservation practices in reducing 
rates and amounts of runoff and soil losses from agricultural land un- 
der various soil and climatic conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-2-3-1—-Studies of the effects of land use and farming practices 
on runoff and erosion from watersheds. The object is to determine 
the effects of various kinds and conditions of soil, ground cover, cul- 
tural practices, crop rotations, and conservation measures upon the 
amount, rates, and distribution of runoff and upon the quantities of 
soil eroded and lost in relation to size and climatological conditions of 
the area eroded. 

R-2-3-2—-Studies of the effects of land use and farming practices 
on the disposal of precipitation on watersheds. To determine the 
effects of various kinds and conditions of soil, ground cover, cultural 
practices, crop rotations, and conservation measures upon infiltration, 
ground water, and other elements of the hydrologic cycle in the dis- 
posal of precipitation. 

R-2-3-3—Studies of the effects of land use and conservation prac- 
tices on floods. To determine the effects of various land uses, fis: 
ing practices, and measures of conservation of soil and water upon 
the peak rates of runoff, the time of concentration, and other factors 
that affect the occurrence and severity of floods. 


C. HISTORY AND EVOLUTION OF THIS WORK 


It has long been recognized that the use to which land is put affects 
the surface runoff. The erosion experiment stations established by 
the Department beginning in 1929 yielded information that empha- 
sized the seriousness of the losses of both water and soil from agricul- 
‘ural lands, and indicated generally the magnitude of the effect of 
land use on runoff, erosion, ground water, and floods. It was found 
that small-plot experiments do not show the actual performance of 
natural watersheds and field areas. In recent years there has been 
an increasing appreciation of the fact that surface runoff, ground 
water, and profitable land use are materially affected by the intercep- 
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tion of precipitation by vegetation, by evaporation, by infiltration of 
precipitation into the soil, or t anspiration by plants, and by percola- 
tion of ground water to surface or subsurface outlets. Since 1935 the 
Soil Conservation Service has been making studies of these hydrologic 
processes. In the flood-control program “of the Department the in- 
fluence of land use on stream flow is an important factor. 


D. FUNDS—-ANNUAL EXPENDITURES 


Work under this work project was started after the establishment 
of the Soil Conservation Service in 1935. During the period 1935-40 
from $300,000 to $350,000 was expended annually, primarily in lo- 

cating and equipping three hydrologic experiment stations and in- 

stalling experimental equipment. The initial installation work was 
well toward completion on two of the stations and started on the third 
when sharp reductions in funds resulting from war conditions made 
it necessary to curtail the program. Expenditures for the years 1941 
to 1945 averaged about $250,000. For the fiscal years 1946 to 1949 
expenditures have varied from $155,000 to $243,000; $210,000 was 
expended for 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Vegetal cover affects surface runoff —Peak rates of runoff from 
areas up to 300 acres are less for pasture or woodlands than for mixed- 
cover areas. Similarly, peak rates from mixed-cover areas are less 
than those from areas that are cultivated. The percentage reduction 
in peak rates is not constant but varies with differences in rainfall 
and physiographic characteristics. At Coshocton, Ohio, peak rates 
cf runoff from cultivated areas were found to be 1.7 times those from 
mixed-cover areas, and 2.8 times those from pasture or woods. At 
Hastings, Nebr., these ratios were found to be 1.2 and 1.6, respectively. 
Such findings are of vital importance in planning flood-control and 
other water-control improvements in the areas to which the data apply. 

The reduction in peak rates of runoff due to conservation practices 
is not constant, but decreases as the magnitude of the peak rate in- 
creases.—It has also been determined that for areas up to 500 acres 
the percentage reduction in peak rate is not affected by the size of the 
area. 

Conservation practices reduce total runoft as well as peak rates of 
runoff from small watersheds in the Appalachian region.—At the 
North Appalachian Hydraulic Experiment Station, near Coshocton, 
Ohio, it has been found that conservation practices on 75-acre water- 
sheds reduce total runoff by 30 percent and peak rates of runoff by 45 
percent. Although these results are based on only 7 years of data and 
may be modified by a longer record, they serve as a guide in planning 
water conservation and flood-control improvements in the area to 
which the data apply. 

Conservation practices increase crop yields as well as reduce run- 
off and erosion—At the Hydrologic Experimental Farm near La- 
fayette, Ind., 7 years of records show that conservation-managed water- 
sheds have larger crop yields than watersheds managed according to 
prevailing practices. During 1949, corn yield from conservation- 
treated watersheds averaged 129 bushels per acre compared with 77 
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bushels from watersheds farmed in accordance with prevailing prac- 
tices. Over the 7 years the average increase in corn yield was 34 bushels 
per acre. The net increased return from conservation treatment over 
the 7 years averaged $11 per acre per year. 

The seasonal distribution of evapo-transpiration is materially af- 
jected by different crops and different cultural practices —Data from 
large monolith lysimeters located near Coshoe ton, Ohio, indicate that 
in that area 80 to 85 percent of the water entering the soil is disposed 
of by evapo-transpiration and the rest by pe rcolation. Detailed results 
of the study are in process of publication in bulletin form. 

Procedures have been developed for estimating rates and amounts 
of surface runoff from measurements of rainfall, infiltration rates, 
soil moisture, and transmission rates and published in bulletin form.— 
It has been found that the amount of surface runoff resulting from a 
given rainfall depends not only on the moisture present in the soil 
when the storm begins, but also on the rate at which the water can 
enter and move through the soil profile. This information is extremely 
valuable in designing flood-control and other water-control improve- 
ments where actual runoff measurements are lacking. 


F. SOME ADDITIONAL WORK NEEDED 


Results from investigations carried on in four of the principal 
physiographic subdivisions of the country indicate that the effects of 
ae and cultural practices on surface runoff vary materially for the 
different subdivisions. Since there are 68 principal physiographic 
subdivisions in the country, it is evident that much additional work 
will be necessary to measure and evaluate the effects of conservation 
practices on a national basis. 


INVESTIGATIONS OF THE RuNorr CHARACTERISTICS OF THE PRINCIPAL 
AGRICULTURAL AREAS IN CENTRAL AND EAsterN STATES 


(SCS—R-2-4—Federal-State—Regular Funds) 
A, PURPOSE AND NATURE OF CURRENT WORK 


To provide data upon which to base the required capacities of water- 
control structures, such as drainage ditches, spillways, drops, reser- 
voirs, flood-control structures, and other works designed for use in 
soil and water conservation and in flood-control programs. ‘The work 
involves the determination of the relation of runoff rates, amounts, and 
distribution to the physical and climatological conditions of the drain- 
age area, such as size, shape, ground slope, land use, soil characteris- 
tics, amounts and distribution of precipitation, temperature, and 
evaporation. 


B. CURRENTLY ACTIVE LINE PROJECT 


R-2-4-1—-Studies of runoff rates and amounts as related to size, 
physical characteristics, and climate of drainage areas. Information 
on factors influencing the amount and distribution of runoff is col- 
lected, compiled, and analyzed to provide a basis for the hydraulic 
design of farm ponds, spillw ays, ditches, and other works used in water 
control and conservation. The purpose includes a determination of 





1764 AGRICULTURAL RESEARCH AND RELATED SERVICES 


the interrelation of the various factors, so that calculation can be made 
of the hydraulic requirements of works proposed to be constructed in 
areas where measurements of runoff have not been made. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1913 the Department of Agriculture started runoff studies in 
- Mississippi to determine the required capacities for effective and eco- 
nomical drainage channels in that area. Later the work was taken 
up in Tennessee, Lowa, and Minnesota. Runoff investigations were 
included in the programs of the Department’s erosion experiment sta- 
tions established in 1929 and subsequently, and have been carried on 
by the Soil Conservation Service since it was established in 1935. 
Data so far collected show that rates and amounts of runoff vary widely 
under the wide range of climatic conditions, soils, topography, cultura! 
practices, and vegetative cover existing in different parts of the coun- 
try. Reliable information relating to runoff is essential for the eco- 
nomical design of conservation structures, such as drainage ditches, 
spillways, drops, terrace outlets, culverts, farm ponds, and farm stor- 
age reservoirs. 


D. FUNDS—ANNUAL EXPENDITURES 


In the early days of the work this project was financed from funds 
covering several lines of drainage investigations, and expenditures for 
early years are difficult to obtain. Rough estimates for expenditures 
for the years 1913 to 1935 range from $3,000 to $12,000 per year. From 
1935 to 1946 expenditures varied from $38,000 to about $100,000 an- 


nually. Since 1946 annual expenditures have ranged from $20,000 to 
$46,000, with $38,000 expended in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Runoff and rainfall data collected from experimental watersheds 
located in eight different physiographic areas of the country have for 
most part been analyzed and preliminary reports published.—The re- 
ports are widely used by the staff of the Soil Conservation Service 
and other agencies in determining the required capacities of hydraulic 
structures used in conservation and flood-control projects in the areas 
covered. 

A method has been developed for estimating frequency of various 
runoff peaks by the use of runoff records for comparatively short pe- 
riods.—Runoft records covering a period of 20 to 25 years are required 
if reasonably accurate estimates of the frequency of flood peaks are to 
be made by standard statistical analysis. A method of using long- 
time Weather Bureau rainfall records in connection with 5 to 10 years 
of runoff data has been developed that gives reasonably accurate fre- 
quencies for flood peaks, thus cutting in half the length of time runoff 
records must be secured to give satisfactory results. 

A method has been developed for determining coefficients to correct 
for rainfall differences within a physiographic area of application.— 
In some of the larger physiographic areas of the country the frequency 
of storm periods and the total annual rainfall may vary as much as 
50 percent or more. The coefficients correct the effect of this difference 
of rainfall in estimating rates and amounts of runoff. 
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F. SOME ADDITIONAL WORK NEEDED 


The Soil Conservation Service, in cooperation with soil-conservation 
districts, is supervising the planning of thousands of water-control 
structures each year. To design properly such structures, reliable 
information must be available on the rates and amounts of runoff to 
be expected from various-sized watersheds under the wide range of 
physiographic and climatic conditions that occur in the United States. 
Fairly good information has been obtained for 8 of the 68 major 
physiographic areas of the country. The program should be expanded 
to include other areas as rapidly as practicable. 


[NVESTIGATIONS IN THE APPLICATION OF THE PRINCIPLES OF HypDROLOGY 


AND Hypravtics To Pracrican Mrernops or Con TROLLING AND Con: 
SERVING WATER 


(SCS-R-2-5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To design more effective and more economical ditches, dams, spill- 
ways, drops, terrace outlets, and other structural works used in soil- 
conservation and water-control practices. Field studies are made to 
determine the cause of deterioration of drainage ditches, terrace out- 
lets, and other hydraulic structures that have failed in service. Labo- 
ratory experiments in methods of preventing such deterioration are 
supplemented by field tests. Models of hydraulic structures are 
built and tested in the laboratory. When the designs have been de- 
veloped to seemingly satisfactory operation, full-scale structures are 
tested before they are recommended to the field. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-2-5-1—Hydraulic characteristics of channels and other struc- 
tures used in the conveyance, storage, and disposal of runoff. This 
project covers tests and analyses of the hydraulic behavior of chan- 
nels, inlets, outlets, drops, chutes, culverts, etc., of various designs, 
common and proposed, to determine the influence of such items as size, 
proportions, form, arrangement, and materials on the flow of water. 

It includes experiments to develop devices such as baffles and stilling 
basins to dissipate energy in high-velocity discharge from conservation 
structures in order to avoid injurious scour in the channel below. 

R-2-5-2—Effectiveness of vegetal linings and of mechanical pro- 
tective devices for water channels and other hydraulic works. A 
primary object is determination of the maximum velocities to which 
various grasses or other plants used as linings for water channels 
can be subjected without damage. Tests of other lining materials for 
conservation channels or for other conservation works are included. 

R-2-5-3—Water-erosion processes. Studies are made of the in- 
fluence of different soil and climatological factors, and of the inter- 
action of those factors, in increasing or reducing soil erosion. 


C. HISTORY AND EVOLUTION OF THIS WORE 


_ Measurements of flow in drainage ditches and natural channels, par- 
ticulagly for determining the retardance effect of different conditions 
of the channel with respect to uniformity of cross section, regularity 
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of alinement, and smoothness of bottom and banks, were begun in 
1913 and continued for 15 years. Studies of erosion and silting i in 
dredged ditches were made in connection with ditch capacities and 
retardance coefficients. Experiments on the capacities of tile drains 
were made in 1916-17. Experiments on the effect of pile trestles and 
bridge piers on flow in streams were conducted in 1933. Investigations 
on the flow around bends in rectangular channels and round pipes 

were conducted in 1935 and 1936, Since 1935 the major investigations 
in the field of hydraulics of soil erosion and water control have dealt 
with means for dissipating the energy in water at outlets of high- 

velocity structures such as spillways, ‘culverts, steep flumes, and drop 
inlets, and with the use of vegetal linings for the protection of water- 
ways against erosion. Other studies relate to the mechanics of erosion, 
as the impact of raindrops on the surface of the field by the scour of 
flowing water in a sheet, in rills, and in artificial channels of con- 
siderable size. 


D. FUNDS—-ANNUAL EXPENDITURES 


In the early days this project was financed from funds covering 
several lines of investigations and it is difficult to obtain actual ex- 
penditures. Rough estimates for the years 1913-20 range from $3,000 
to $5,000. From 1921 to 1935 annual expenditures ranged from $5,000 
to $10,000. Beginning with the establishment of the Soil Conservation 
Service in 1935, expenditures increased, ranging from $25,000 to $50,- 
000 per year. Since 1946 annual expenditures have varied from $42,- 
000 to $86,000, with $51,000 expended during the year 1950. 


FE. EXAMPLES OF OUTSTANDING ACCOMPLISH MENTS 


A formula for computing the capacities of tile drains was developed 
and is now in general use. The investigations developed the fact that 
tile lines of various sizes had larger capacities than generally believed 
before the investigations were made. 

Formulas have been developed for computing the effect of pil 
trestles and bridge piers on the flow of water in ditches and natural 
streams, and the most efficient shape of bridge pier to maintain flow 
conditions has been determined. The information is w idely used by 
agencies and individuals engaged in designing bridges and pile trestles 
for flowing streams. 

Formulas have been deve loped for determining the loss of head in 
water flowing through culverts of various shapes and sizes.—The 
formulas are based on the results of an elaborate set of model exper'- 
ments and are widely used by drainage engineers, highway engi- 
neers, and others engaged in designing ‘and constructing culverts. 

Designs have been “deve loped for stilling basins at the lower ends of 
drops, chutes, drop-inlet structures, etc., that prevent scour and pre- 
vent failure of structures by dissipating high velocities—The new 
designs can be constructed for one-fifth the cost of the commonly used 
structure. The reduced costs make it possible to use stilling basins in 
many places where high costs formerly prohibited their use. The 
data developed are widely used by conservation technicians in de- 
signing hundreds of such structures each year. The problems involved 
in this work in some respects are of the same order as those met in 
designing for supersonic velocities in the field of aeronautics. 
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Design equations and requirements have been developed for con- 
struction of outlets for box inlet drop spillways that make it possible 
to use this type of structure with safety in connection with soil- and 
water-conservation programs. 

Laboratory tests of small drop structures de signe d for use in irriga- 
tion field ditches resulted in improving the design and decreasing the 
cost of the structure.—The structure as originally designed when in- 
stalled caused scour in the channel above and the de position of sedi- 
ment below the structure. The cost of maintaining the ditch was high. 
As the result of the laboratory tests, changes in design were deve sloped 
which stopped the silt movement in the ‘ditch and at the same time 
reduced the cost of the structure. Thousands of these improved drops 
are used throughout the irrigated West. 

Terrace outlet channels lined with vegetation can withstand water 
velocities ranging from 2 to 8 feet per second, depending on the char- 
acter of soil and vegetation. This fact, determined through extensive 
experiments, m: akes it possible in many localities to eliminate expensive 
water-control structures such as drops and chutes. The results have 
been published and are widely used by conservation technicians and 
farmers in designing and constructing terrace outlets. 


F, SOME ADDITIONAL WORK NEEDED 


Developme nt of an economical method of handling trickle flow in 
vegetation-lined terrace-outlet channels.—It has been found that ter- 
race-outlet channels with good vegetative linings that withstand high 
flows are frequently severely damaged by long continued low flows 
such as those caused by wet-weather springs or seeps or by slowly 


melting snows. In many localities cheap vegetation-lined channels 
can be used much more extensively if an economical method can be 
developed for handling trickle flow. 

Determination of limitations in use of propped outlets for drop 
inlet spillways.—The study should be intitated promptly as it is be- 
lieved that such an outlet will be very economical. However, unless 
limitations are carefully dete ae such an outlet may cause serious 
damage to the dam with which it is connected and cause d: angerous 
scouring and silting in the dial channel. 

Deve lopme nt of inlet re quire ments jor corrugated- pipe risers. 
With increasing use of corrugated pipe for risers, field engineers are 
in need of information on such factors as the inlet requirements to 
insure full flow, and the weir-flow discharges that may be expected 
over a full- or part-circular crest. 

Inve stigations of the many unsolved probl ms of the pipe drop inlet 
8 spill Ys. —Several thousand of these structures are be Ing built each 
year under the supervision of Soil Conservation Service technicians. 
Investigations are needed to determine the laws governing flow 
through such spillways and to develop efficient, practical, and econom- 
ical designs for this type of structure. 

Experime nts to determine the laws governing the height of side 
— in chutes, for different ty pes of « chute entrance.—If the ade walls 
of a chute are too low they will be ove rtopped, causing erosion that 
may undermine and wash out the chute. The entire investment will 
be lost or costly periodic repairs will be required. If the side walls 
are too high, the original costs are greater than they need be. 
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Development of device for measuring silt-laden flows.—In severa| 
areas of the country short intense storms, usually local, result in flas), 
volumes of runoff from small watersheds. Such runoffs contain large 
amounts of suspended silt and bed-load material. In connection with 
erosion-control investigations there is a great need for a cheap and 
efficient device for measuring such silt-laden flows. No satisfactory 
device for measuring such flows exists at the present time. 

Experiments to determine the effect of submergence on bow-inle! 
drop spillways.—Exploratory submergence tests developed the fact 
that changing the width at the outlet end of the stilling basin of a box- 
inlet drop spillway created a varying effect of submergence. The tests 
indicated that an outlet has a beneficial effect on submergence as wel! 
as on erosion. The hydraulic principles covering this effect should be 
developed in order to perfect the design for such structures. 


INVESTIGATIONS OF IrRIGATION NEEDS AND Practices To SupPLEMENT 
RainFALL IN Humip AREAS 


(SCS—R-2-8—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the relative effectiveness and economy of applying 
water for irrigation in the region where rainfall during the growing 
season usually supplies most or all of the moisture used by crops, and 
to develop more practical methods and better equipment for supple- 
mental irrigation operation. To determine the degree of need for 
supplemental irrigation and the probable benefit therefrom, i in differ- 
ent parts of the humid region, and to develop a practical method of 

calculating such need for any particular locality. Field studies are 
made of the effectiveness of different methods of applying water in 
irrigation, and records are made of the amount of water used, water 
pressure in pipe lines, fuel used in pumping plants, frequency and 
duration of irrigation, cost of maintaining equipment, and related 
facts. 

B. CURRENTLY ACTIVE LINE PROJECTS 


R-2-8-1—Studies of requirements, methods, and equipment for 
irrigation under humid conditions. This project deals with the 
amounts and rates of application of water for irrigation under differ- 
ent conditions of climate, soil, and crops in the humid region, and 
with the suitability of usual and of special irrigation practices and 
equipment where irrigation to supplement rainfall may be profitable 
as insurance against “drought damage or in forcing the growth of 
seedlings and out-of-season cr ops. 

R-2-8-2-—Studies to determine the ec onomic need for supplementa! 
irrigation in various parts of the humid region. The primary aim is 
to develop information as to the degree of benefit that might reasonably 
be expected from irrigation to supply moisture for crops in the humid 
area when rainfall is insufficient. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Supplemental-irrigation investigations in humid areas were started 
by the Department in 1905. The early work was confined to investi- 
gations of opportunities, requirements, and methods of supplemental 
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irrigation. Starting in 1913 investigations were made of methods and 
equipment used in various Eastern States, and of the use of sewage 
irrigation. Since 1913 the work has related to sources of water supply, 
effectiveness in applying water, efficiency in use of water, dependability 
of equipment, labor and convenience of operation, and investment and 
operating costs. Data on precipitation have been assembled and the 
amount and distribution of rainfall compared with irrigation require- 
ments for some humid sections. Current. activities relate primarily 
to the effect of supplemental irrigation in increasing crop yield under 

various soil and climatic conditions; and to the determination of the 
rate that irrigation water can be safely applied to various soils. 


D. FUNDS—ANNUAL EXPENDITURES 


It is estimated that during the period 1905 to°1948 expenditures 
ranged from nothing for several years to as much as $5,000 per year. 
During the year 1949 the expenditures amounted to $16,500, and for 
the year 1950 to $14,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The information on physical requirements and limitations of various 
types of supplemental-irrigation installations obtained as the result 
of these investigations is widely used by technicians and landowners 
in planning such installations. 

Requirements for subsurface irrigation have been determined.—It 
has been found that subirrigation is only practical on level or gently 
sloping lands with a porous topsoil underlain at a depth of from 12 
to 24 inches by an impervious layer and a plentiful supply of gravity 
water. A simple test has been developed to ascertain w vhether 
subirrigation is practical on any tract of land. 

Limatation of use of porous canvas hose for irrigation has been 
determined.—It is possible to irrigate some home gardens by means 
of porous hose attached to a domestic water-supply system, but labor 
requirements to move hose are generally too great for use on a 
field seale. 


F. SOME ADDITIONAL WORK NEEDED 


Water requirements of various crops at different periods in the 
growing season, under the range of soil and climatic conditions existing 
i id region.—Such 1 ‘mation is essential if supplemental 
irrigation water is to be used effectively and without waste. 

Rates of applying irrigation water to various soils without wasting 
water and causing soil erosion.—The rate that water can enter the 
surface and travel through the soil profile varies widely depending 
primarily upon the character and profile of the soil and the cultural 
practices followed. 

Studies of rainfall characteristics and other hydrologic factors— 
These are needed to determine the areas in the humid section of the 
country where droughts occur frequently enough during critical pe- 
riods of crop g growth to justify the expense of supplemental i irrigation 
for the crops involved. 


eT 
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Water REQUIREMENTS FOR IRRIGATION 


(SCS—R-3-1—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


Water-application-efficiency studies are being conducted to provide 
a sound basis for irrigation practices from which can be obtained 
maximum crop yield with the available water supply at minimum 
cost; to guide irrigators in the solution of pressing irrigation prob- 
lems; to deter mine water-application efficiencies under present irriga- 
tion methods: and to find a basis for better and more economical] 
methods of applying water. Information on evaporation is being 
obtained for the use of engineers in planning storage reservoirs. 
Evaporation pans of various types and sizes have been used and factors 
developed for converting rates of evaporation from the pans to those 
from reservoirs. 

Studies are made of irrigation practices as they are affected by 
water supplies in an attempt to disclose the influences tending to 
support or destroy a permanent and profitable agriculture. Studies 
are being made relating to inventories of water supplies and their 
current use. These studies are designed to provide information on the 
inflow and outflow from the respective valleys and the amount of 
water that can safely be used for irrigation and other purposes. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-5-1-1—Efficiency of irrigation methods for different problem 
areas. ‘To determine water application efficiencies and their relation 
to irrigation methods by finding the efficiency of the use of water with 
different methods of use and employing this information to evaluate 
and improve the economical use of irrigation. 

R-3-1-2—Evaporation, transpiration, and seepage losses affecting 
irrigation practices. To find the relative rate of evaporation of water 
from pans of different types, sizes, and colors, and to determine the 
influence of such factors as wind, temperature, and salt concentration 
upon evaporation. Correction factors are also established to find the 
relation between evaporation from pans and that of larger bodies of 
water such as reservoirs, lakes, and streams. 

R-3—-1-3—Studies of irrigation practices as they affect water sup 
lies. To find the influence of various irrigation practices on agri- 
culture in the San Fernando Valley, with ‘especial reference to the 
cost of water for irrigation. 

R-3-14—Formation of ir rigation-water balance sheets for selected 
areas. 'To furnish farmers in certain western areas with information 
on their water problems, so as to effect better distribution and use of 
the available supplies of irrigation water. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Investigational work on water requirements for irrigation has been 
condueted by the Division of Irrigation and Water C onservation and 
its predecessor since about 1899. Most of the original work was done 
in California and Colorado. Some work has been carried on at inter- 
vals in Arizona, Idaho, Utah, New Mexico, and Washington. In 
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1949 the work was expanded to include the States of Kansas, Nebraska, 
Nevada, South Dakota, Texas, and Wyoming, largely because of the 
growing interest in supplemental irrigation and the huge irrigation 
developments proposed for the Missouri Basin. 


D. FUNDS--ANNUAL EXPENDITURES 


Information is not readily available on the amount of money spent 
on this project prior to 1930. However, for the period 1930 to 1945 
approximately $20,000 was used in this work annually. In 1945 and 
1946 the annual amount was about $25,000. During the past 4 years 
the following amounts have been expended : 1947, $25,000; 1948, $23,- 
000; 1949, $132,000; and 1950, $113,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Efficiency of irrigation methods.—Studies indicate that because of 
poor conveyance structures and poor irrigation practices frequently 
less than 20 percent of the water diverted from the source of supply 
becomes available for plant use. Of the amount lost after diversion, 
upward of 40 percent is lost as seepage from canals and ditches; the 
rest is lost by deep percolation in the field or as surface runoff. Sel- 
dom is more than 60 percent of the water delivered at the head of the 
field actually stored in the root zone of the crop and made available 
for plant use. More often only 40 to 50 percent is stored for plant 
use, 

Consumptive use and net irrigation requirements —A method has 
been devised for determining irrigation water requirements in irri- 
cated areas from climatological and irrigation data. The “consump- 
tive use,” or the amount of water that is transpired and evaporated 
from the plants plus that evaporated from the adjacent soil surface, 
has been found to be the best base on which to estimate irrigation water 
requirements. An empirical formula has been developed : and publish- 
ed for determining the consumptive water requirement of most crops 
grown under irrigation in western United States. This method of 
estimating irrigation-water requirements is now being used widely 
not only in the United States but in many other countries of the 
world. The Soil Conservation Service and other agencies are using 
it in their farm- irrigation-system planning work and i in the design of 
various irrigation structures. The method has been employed success- 
fully in determining how much water is used in various irrigated areas 
on interst: ite streams. After a study in the upper Colorado River 
Basin using this method, the various States in the basin reached 
agreement as to the present use of water by each State and in 1948 
signed a compact dividing the flow of the river. The method is now 
being used by the Bonneville Power Administration in connection 
with a study to determine the amount of water that will be available 
for power purposes after the irrigable lands in the Columbia Basin 
have been supplied with water. The consumptive and irrigation water 
requirements of crops have been determined for Colorado, Idaho, 
Nevada, and irrigated areas of the upper Colorado River Basin. 

Ew aporation, transpiration, and S@Eé page losse 8 affecting i 27 rigation 
practices.—Results of studies in this field have been used widely in 
estimating the amount of water evaporated from the various storage 
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reservoirs throughout the West. The effect of elevation, tempera- 
tures, and other factors have been studied and the results made avail- 
able to individuals and agencies responsible for estimating evapora- 
tion losses from storage reservoirs. Studies of seepage losses from 
irrigation channels have been instrumental in defining locations and 
amounts of greatest water loss along canals and ditches. Expendi- 
tures amounting to thousands of dollars per mile for canal lining 
are saved by locating the canal sections where heavy losses do not 
occur. 

Irrigation practices as affected by water supplies.—In areas having 
limited water supplies it is desirable to know the best method of ap- 
plying the water to produce maximum benefits. Results from the 
studies in the Salt River Valley of Arizona indicate that if the water 
supply is short, cotton will yield better if heavy applications are 
made early in the season rather than if light frequent irrigations are 
made throughout a longer part of the year. This study also indicates 
that alfalfa grown in that valley should receive an extremely heavy 
irrigation early in the season for maximum yield. For the rest of the 
season, lighter irrigations are adequate. It has also been found that 
considerably more water can be stored in the soil, and much higher 
yields can be obtained, if rough tillage practices are used. Many of 
the farmers in Salt River Valley of Arizona are now turning to 
rough tillage as a result of these findings. 

Studies in the Northwest have brought out the need for differences 
in lengths of run of irrigation water with different types of soils and 
different slopes. Farm irrigation systems throughout much of the 
West are now being laid out after taking into consideration the 
intake rate and erodibility of the soil, the root zone of the crop, and 
the water-holding capacity of the soil in the root zone. 

Formation of irrigation-water balance sheets for selected areas.— 
With the use of surface waters and ground waters in a number of areas 
exceeding the amount of water returning to the valley each year, the 
necessity of determining how much water must be brought into the 
valley to replace that used up or how much irrigation and other uses 
will have to be curtailed becomes increasingly critical. A condition 
of “overuse” exists in a number of basins in southern California and in 
Arizona, New Mexico, Texas, Utah, and other areas in the western 
United States. Techniques have been developed for making a water- 
supply inventory and for determining how much water is being con- 
sumed in the valleys. As the demand for water becomes greater, these 
techniques will be used more widely throughout the country. 

Methods of water application—During the past 10 years there 
has been outstanding advancement in the development of irrigation 
sprinkler systems and various structures for controlling water on 
the farm. Studies are under way in Idaho, California, Utah, and 
Kansas to determine the engineering, agronomic, and economical limi- 
tations on the use of sprinkler systems. Studies indicate that on lands 
well adapted to surface methods, the use of sprinklers will save 
little if any water; and labor costs for irrigation will be just as high. 
However, sprinklers should be used in many places not adaptable to 
any known method of surface irrigation. 

Much progress has been made in developing techniques for contro] 
of flow under surface methods of irrigation as evidenced by increased 





SOILS, WATER, AND FERTILIZERS 1773 


use of plastic, metal and rubber spiles and by siphons and gated and 
fabric pipe. 

Relationships between length of run, size of stream, and slope and 
soil characteristics have been established and are being used to refine 
and perfect the irrigation guides in the various soil conservation 
districts. During the past 5 years practical methods and procedures 
for conducting irrigation trials have been developed. From these 
trials information is obtained as to proper size of streams of water, 
maximum distance the water should be allowed to run, and time 
required for a proper irrigation. Practical ways of determining 
whether or not irrigation is needed have been established. 

Farmer irrigation demonstrations and irrigation training schools 
for Government technical workers.—Research information is being 
used as subject material in the irrigation training schools for Govern- 
ment technicians and in farmer irrigation demonstrations. The 
procedure for determining irrigation needs have been simplified to the 
point where they are adaptable to farmer demonstrations. During 
the summer of 1950 more than 750 farmers attended and participated 
in irrigation trials in Idaho. Similar demonstrations sponsored by 
the Extension Service and/or the Soil Conservation Service were held 
in nearly all of the Western States. 

Training schools supported by research personnel were conducted 
for Soil Conservation Service and Extension Service technicians in 
Washington, Oregon, California, Idaho, Nevada, Arizona, Colorado, 
Montana, Kansas, Nebraska, Oklahoma, and Texas, using the methods 
developed through this research program. Such training helped to 
give to technicians responsible for assisting farmers in laying out 
farm-irrigation systems and improving farm-irrigation practices an 
understanding of the principles of irrigation, the factors that affect 
irrigation, and the interrelation of these factors. This enabled tech- 
nicians to give improved service to the farmer. 


F. SOME ADDITIONAL WORK NEEDED 


Irrigation-water requirement of crops—Information is urgently 
needed on the irrigation-water requirement of crops in every irrigated 
area. Starting with the basic factor of consumptive use, considering 
rainfall, groundwater, and irrigation efficiencies, it is possible to 
estimate the irrigation water supply necessary for a aitioulan project, 
farm, or field. Because of the time and effort involved in obtaining 
adequate information on consumptive use of water by the different 
crops, the information accumulated to date in the West is extremely 
limited and practically no information is available for crops grown 
in the humid areas. This is particularly true for most crops other 
than alfalfa and small grains. As yet practically no information is 
available on the net irrigation water requirements of rice, sugar 
beets, potatoes, and many other important crops as well as less im- 
portant crops in the different irrigated areas. 

Efficiency of water application—Additional information is needed 
on the efficiency of application that can be expected under different 
types of irrigation on lands having different soils, topographies, and 
surface conditions. 

Other investigations—No satisfactory low-cost canal lining has 
been found. Methods and equipment need to be developed for quickly 
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determining the amount of water lost in the different sections of irri- 
gation and drainage canals. Water- and soil-management practices 
which will increase the rate at which the soil will take water need to 
be established for each irrigated area. The amount of water to use 
and when it should be applied for greatest economic returns under 
the various conditions existing throughout the West needs further 
study. Information should be made available so that for a given 
piece of land a technician, by measuring the intake rate of the soil 
and the slope of the land, and knowing the cropping pattern to be 
followed on a given piece of land, can design an economical and ade- 
quate farm irrigation system. Information relating to the amount 
of water consumed by native or natural vegetation | is of major im- 
portance in many western areas. Such waters should be conserved 
for agricultural and other uses cs methods yet to be developed. Inven- 
tories of water supply and irrigation water requirements need to be 
made for each agricultural valley and methods of efficient water use 
established. Such investigations are necessary in each valley if the 
soil, water, and plant resources are to be fully utilized. 


Hypravtics or [rrIGATIon 
(SCS—R-3-2—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To gather data pertinent to the practical and economic phases of 
pumping for irrigation; and to collect all available information on 
methods and costs of well drilling and operation, including the 
numerous factors influencing them. ‘To determine the carrying ca- 


pacity of water conduits of various types and materials so that such 
conduits may be made large enough, but not too large, to convey the 
predetermined quantity of water efficiently and economically. To 
study canal and ditch construction so that conveyance losses and 
seepage from the canals will not cause serious damage and serious loss 
of water. ‘To determine the percentage of silt in various streams in 
order to estimate the useful life of irrigation improvements, and to 
devise economic means of solving silt problems. To develop instru- 
ments and apparatus adapted to the requirements of irrigation work ; 
and to study commercial types of hydraulic instruments with a view 
of improving their usefulness in irrigation. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-3-2-1—Pumping for irrigation. Pertinent data are collected on 
the practical and economic phases of pumping for irrigation, including 
methods and cost of well drilling and operation, choice of pumps, 

‘asing, and equipment. Methods of testing installations are devised. 

R-3-2-2—F low of water in ditches, pipes, and other irrigation con- 
in To investigate the carrying capacity of various types of 
ditches, flumes, and irrigation conduits for the yurpose of obtaining 
information as to the sizes, kinds, and aaentalp best suited to give 
economical service to irrigators and other water users. 

R-3-2-3—Lining of irr rigation canals and ditches. To obtain infor- 
mation on the best methods of keeping ditches free from weeds and 
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vegetation, and on the more economical and long-lived types of ditch 
lining, so as to reduce water losses in transit. 

R-3-2-4—Control of silting in irrigation and drainage systems. 
To determine the amount and type of silt carried in various irrigation 
waters, in order to devise more efficient methods of preserving the 
transmission and storage capacity of irrigation channels and 
reservoirs. 

R-3-2-5—Design, invention, and testing of irrigation and drainage 
apparatus. ‘To develop better types of ‘instruments and apparatus 
suited to the measurement of irrigation water, and to test and improve 

various pieces of commercial equipment. 


©. HISTORY AND EVOLUTION OF THIS WORK 


Studies on hydraulics of irrigation were begun by the Department 
as early as 1904. Studies on the development and improvement of 
pumping for irrigation, including mechanical units, wells, equipment, 
method of installation, and other phases, have continued intermit- 
tently. Two bulletins have been released on this subject during 1949. 
The ‘study of flow of water in irrigation ditches, pipes, and. other 
irrigation conduits began in 1916. Results of this study have been 
used internationally in the design of water-conveyance structures. 
Improved materials and techniques of construction have required 
more or less continuous study and revision of design formulas. 

Experiments with various materials to reduce or prevent seepage 
loss tea canals were started about 1914. Recent developments of 
various synthetic, asphalt, and many other products now being sug- 
gested for canal linings point to the need for additional evaluation 
work. 

Studies of control of silting in irrigation and drainage systems 
commenced about 1917. The results from these studies have become 
increasingly important because of valuable storage space destroyed 
by silt in surface reservoirs and high maintenance costs of canals 
carrying silty water. 

The invention and design of new irrigation and drainage apparatus 
by the Department began about 1913. Since then many new measur- 
ing devices, desilting structures, and control structures have been 
developed, tested, and made available for public use. 


D. FUNDS—-ANNUAL EXPENDITURES 


The total appropriation made to the Division of Irrigation Investi- 
gations after its creation in 1896 was $10,000. Although the portion 
of this allotment used on hydraulics-of-irrigation studies in unknown, 
it was probably less than $2,000. Since that time there has been a 
general increase in the funds available for this work. For the period 
1930-45 approximately $20,000 was spent on this work annually. 
This was increased to about $25,000 in 1945 and 1946. Since then the 
expenditures have been as follows: 1947, $26,000; 1948, $36,000; 1949, 
$45,000; and 1950, $28,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Flow of water in canals, pipes, and other water conduits—F rom the 
fundamental research started 37 years ago, design data and formulas 
have been developed that are now used throughout the world. In 
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all irrigation communities of the West, engineers use these formulas 
and coefficients in the design of pipelines, flumes, and canals. AlI- 
though less than 20 percent of the water supply for the irrigated land 
of the West has been developed by the Bureau of Reclamation, this 
organization alone constructs many million dollars worth of pipelines 
each year. The carrying capacities of such pipelines are based on 
flow formulas developed by this research. 

Measurement of — losses in pipes and fittings for irrigation 
pumping plants—From this study results are available for design 
purposes on the friction losses in valves and fittings used in irrigation 
pumping plants. Losses in suction pipes, strainers, foot valves, gate 
valves, and check valves have been studied for the conditions under 
which they will normally be operated in a pumping plant. Such 
information is extremely useful in the design of each new irrigation 
and drainage pumping plant, as well as ied pumping plants used 
in other fields. Technicians in the Soil Conservation Service use this 
information widely in designing farm pumping plants. 

Lining of irrigation canals and ditches.—Loss of irrigation water 
by seepage from canals and ditches frequently exceeds 40 percent of 
that diverted from the source. This loss is costly, as not only is the 
value of the water lost but damage frequently occurs to lands lying 
below the canal. Studies conducted during past years have developed 
means of using a number of different materials to prevent such seep- 
age. ‘Techniques have been developed for the use and installation 
of clay layers, asphalt, and synthetic rubber layers, thin concrete 
linings, and other materials for the prevention of such seepage. The 
results of these studies are being used widely throughout the West 
in preventing seepage losses from canals. 

Control of silting in irrigation and drainage systems.—It is well 
known that in many reservoirs of the West and particularly the 
Southwest, the effective storage capacities are rapidly being decreased 
by the heavy annual deposition of silt carried in by the water. How- 
ever, without actual measurement of these amounts the useful life 
of storage reservoirs cannot be predetermined. Measurements in- 
dicate that the amount of silt carried in the streams of Texas and 
dumped into the Gulf of Mexico would cover more than 66,000 acres 
of land with a foot of soil annually. Such information has been used 
in designing dams and outlet works to best handle this heavy silt load. 
Engineers in the design of water-purification plants allow for this 
silt load, and irrigation and drainage channels are designed so that 
silt does not deposit in them. 

Design, invention, and testing of irrigation and drainage appara- 
tus.—As a result of this work thousands of Parshall flumes have been 
installed at the head of farms for measuring the amount of water 
delivered to the farm. Larger installations have been made in canals 
and ditches of various sizes. For many conditions this device is far 
superior to any other water-measuring device known. Sand traps 
that effectively remove a large part of the sand carried in canals have 
been developed and are now being installed in many places. Over- 
snow vehicles, tile-drain effluent recorders, soil samplers, and many 
other devices have been developed or greatly improved. 
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F. SOME ADDITIONAL WORK NEEDED 


Life and use of construction materials for pipes, flumes, and other 
water conduits —Many different materials at 5 grades of materials are 
available from which water-conveyance structures are made. Relia- 
ble and unbiased information on the life and use of such materials 
could save farmers, municipalities, and others within the United 
States millions of dollars annually. 

Lining of irrigation canals and ditches.—Additional information is 
needed on better methods of keeping ditches free from weeds and other 
vegetation. Also, information on the more economical and long-lived 
types of ditch lining for the reduction of water losses in transit should 
be kept current and the public advised of the findings. Industry is 
continuously making available new materials, some of which might 
prove extremely economical for this use. 

Design and construction of research equipment needed in irrigation 
and drainage.—One of the most laborious, costly, and time-consuming 
jobs in irrigation is the determination of the moisture content of the 
soil. Under present methods, soil samples are dried in an oven to de- 
termine the loss in weight. Research is urgently needed to improve 
equipment that will measure soil moisture in place. Better 
equipment and methods are also needed to measure infiltration rates, 
permeability, and erodibility of soil. In drainage work there is great 
need for apparatus that can be used to obtain undisturbed samples of 
soil below the water table in order to evaluate movement of water 
through saturated soil. 


INVESTIGATIONS OF SouRcEs AND STORAGE OF IRRIGATION WATER 
(SCS—R-3-3—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


Studies are under way to determine and develop practical methods 
of forecasting seasonal water supplies for irrigation. This service is 
of vital interest to farmers, ranchers, shippers, bankers and all agencies 
concerned with power production, water supply, and flood control. 

Water spreading is studied to discover the most economical and efli- 
cient way by which surplus or salvaged surface waters can be stored 
underground or used to recharge underground aquifers. The geologi- 
cal and soil conditions favoring such storage are two of the factors be- 
ing given consideration. 

Ground-water depletion studies are made to ascertain the trend to- 
ward an increase or decrease of the basin underground water supply 
in a number of selected areas, and to determine whether or not stimula- 
tion of infiltration to the ground-water supply by artificial means is 
possible and economically feasible. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-3-3-1—Snow surveys and _ irrigation-water-supply forecasts. 
Each watershed is a law unto itself because of different site conditions. 
The precipitation-runoff relations must be established for each water- 
shed. These relations depend upon the interaction of the factors af- 
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fecting runoff. The principal factor is more cover. Data obtained 
from snow surveys together with other related meteorological and 
physical data are coordinated and the precipitation-runoff relationship 
established. This relationship is the basis of the water supply fore- 
casts. 

R-3-3-2—Storage of water underground for irrigation.—Study of 
the possibility of storing excess floodwater in underground beds 
through spreading runoff waters upon gravel fans where the water can 
percolate into the ground water, ther reby helping to raise the water 
table and thus make the runoff w ater available to wells sunk for irriga- 
tion. 

R-3-3-3—Studies of ground-water depletion.—The characteristics 
of the ground-water basins in several typical areas are studied. The 
extent of depletion of ground water is determined and methods are 
under examination that may help to recharge the ground waters and 
reduce excess use. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Snow surveys and irrigation-water-supply forecasts were begun by 
a few State agencies, irrigation companies, and private power com- 
panies about 1920. In 1935 the Department of Agriculture coordi- 
nated and greatly expanded the network of snow courses throughout 
western United States. Studies on the influence of various factors 
affecting runoff from show cover have continued since that time. 

Water-spreading studies began in southern California in 1930 when 
it became apparent that an overdraft of water from the ground-water 
aquifers was occurring. At about the same time, studies of ground- 


water depletion were started upon invitation from and in cooperation 
with State and city agencies. 


D. FUNDS—-ANNUAL EXPENDITURES 


The amount of funds available for investigations of the sources and 
storage of irrigation water gradually increased from 1896 to 1947. 
Since that time there has been a considerable decrease in the budget 
for this work. The amounts allotted to this project during the last 
4 years are as follows: 1947, $15,000; 1948, $11,000; 1949, $19,000 ¢ and 
1950, $4,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Evaluation of factors affecting water yields from high watersheds 
in the West—Under the snow-survey program, measurements are 
made of the snow depths and its water contents in the early spring, 
and from the results the amount of water expected during the fol- 
Jowing months for irrigation and other agricultural purposes is fore- 
cast. “Industry , flood « ontrol, power, tr: unsport: ition, logging, munici- 
pal, and recreational interests have become more and more interested 
in the results. If normal climatic conditions exist throughout the 
runoff period, accurate forecasts are possible and usual. If climatic 
conditions vary from normal during the runoff period, the effect of 
these variations is taken into consideration. Through this program, 
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heavy runoff such as occurred in the Columbia Basin in 1948, causing 
millions of dollars’ worth of damage and a number of lives, was fore- 
cast well in advance of the runoff period. Advance information on 
the amount of water to be expected allows planning and preparation 
for water conservation during critical years. 

Water spreading to store water underground for irrigation—The 
value of this work might be emphasized by explaining the condition 
of the San Joaquin Valley of California, the economy of which de- 
pends upon its water supply. In this valley, surface supplies are 
limited and pumping from wells has long been practiced. The aver- 
age yearly runoff into the oe is about 414, million acre-feet. Of 
this amount, about one-third, or 114 million acre-feet goes into the 
ground. Since the amount nie from wells based on power con- 
sumption is 5 million acre-feet a year, the amount of withdrawal ex- 
ceeds the present inflow by 314 million acre-feet per year. Such a 
condition cannot continue without disastrous consequences. With the 
completion of the Friant-Kern canal unit of the Central Valley water 
project, water will be available for spreading. But as the lands avail- 
able for spreading are highly prized for agricultural purposes, the 
area set aside must be kept at a minimum. This can be done only 
by obtaining the highest percolation rates possible. Soils in this area 
where water must be spread for replenishing the ground-water aquifer 
have been found to take the water rather ‘slowly after a short time. 
Studies have shown that by adding cotton-gin wastes to the land sur- 
face, it is possible to infiltrate as much as 14 acre-feet of water per 
acre as compared with but 4 acre-feet on untreated land. These results 
were obtained from test pond studies. Why gin trash is so effective 


isnot known. This phase of the problem is being studied under proj- 
ect RM—b-20. Such an increase in infiltration rate would mquire 
iess than one-third as much spreading area to store the needed 314 mil- 
lion acre-feet of water annually in the soil as would an untre: Aes area. 
Bermuda grass has been found to increase infiltration rates and at the 
same time yield a crop of forage. 


F. SOME ADDITIONAL WORK NEEDED 


Forecasting water sup plic 8 from snom surveys. ~Although it is 
possible to forecast runoff from the results of snow surveys on most 
of the western streams in most years, abnormal climatic variations 
in some years preclude the making of highly accurate forecasts. More 
work is needed to define and evaluate the factors that influence these 
variations. <A statistical analysis of all existing snow-cover-runoff 
data is urgently needed. 

Practical operation of spreading areas,—Data from test ponds indi- 
cate that infiltration rates may be maintained at maximum level by 
adding cotton-gin trash and allowing an incubation period followed 
by a ‘drying- out period. The next most effective treatment is to 
plant Bermuda grass. The problems now needing attention involve 
the development of practical methods of applying gin trash to and 
the incubation of ; arge areas necessary for water spreading, and the 
establishment of a practice that will insure a good stand of grass 
under conditions of long submergence followed by a long dry period. 
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DraAtnaGeE or IrricgATep LANnpD 


(SCS—R-3-4—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


In nearly every irrigated project of the West some lands have 
become waterlogged or affected by accumulations of alkali. Ex- 
tensive and expensive drainage systems have become necessary to 
remove excess water and salt from the soil. These systems usuall 
have not functioned properly because of improper design and instal- 
Jation. It is the purpose of the current work to develop methods for 
quickly evaluating the need for drainage, to develop sound engineering 
practices in the design of drainage systems from both an investigation 
and construction standpoint, to Telartnine why some drainage systems 
have failed and others have succeeded, to develop better methods of 
operation and maintenance, to determine costs of drainage, and to 
develop methods of alkali removal and control. Such work has been 
started in several of the major irrigated valleys where drainage is 
necessary if agricultural erodnetion is to continue. The study areas 
include Imperial and San Fernando Valleys in California, Upper 
Colorado River Basin in Colorado and adjacent States, Platte River 
Valley in Nebraska, and areas in South Dakota that are now affected 
by or will be affected after further development of the Missouri Basin 
reclamation plan. 


B. CURRENTLY ACTIVE LINE PROJECT 


R-3-4-1— Extent of drainage problems connected with irrigation 
practices. This is a broad study to determine the need for drainage in 
various irrigated sections, as well as the cost and type of the most 
effective systems to be employed. Consideration is also given to the 
effect of lack of drainage upon the success or failure of typical irriga- 
tion projects. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Irrigation canals are largely unlined. Seepage losses are high. 
With plentiful supplies of irrigation water, many irrigators have 
tended to apply excessive amounts of water to their fields. These con- 
ditions along with heavy precipitation and poor surface a in 


the semihumid areas have caused a rise in the ground-water leve! 
which has caused waterlogging or harmful accumulations of salts in 
the root zones of crops. Excess water and harmful alkali salts must 
be removed. Removal of such water and salts is often difficult. There 
is much need for sound information regarding the practice of drainage 
of irrigated land, such as method of drainage, depth and spacing of 
drains, types of structures, and materials of construction. Drainage 
investigations were begun by the Department in the early 1900’s. Con- 
siderable fundamental information on drainage was accumulated 
through this work, but there is an urgent need for additional informa- 
tion on the drainability of soils in each separate drainage basin. 
Water flowing underground is difficult to follow. Charting its course 
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requires much more work and entirely different techniques than those 
required for surface waters. 


D. FUNDS—-ANNUAL EXPENDITURES 


The amounts of money expended for drainage research on irrigated 
lands since the first irrigation and drainage investigation bill was 
passed about 1900 have varied considerably. Participation by irri- 
gation companies and others has influenced the amount allotted to this 
work. During the fiscal year 1950-51, participation by other organi- 
zations on active line projects under this work project exceeds the 
amount allotted to this work by the Department. 

Soil Conservation Service funds expended on the work in recent 
years are as follows: 1947—$15,000; 1948—$10,000; 1949—$13,000; 
and 1950—$26,000. 


ts. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Imperial Valley drainage investigations —Through this study, pro- 
cedures have been worked out for mapping soils in Imperial Valley, 
Calif., for drainage purposes. A new type of soil-sampling appara- 
tus was designed and built to obtain samples of undisturbed wet and 
dry soils to depths of as much as 16 feet. An apparatus was developed 
for readily obtaining a multitude of water-table observations and for 
recording appreciable fluctuations in water tables. Laboratory and 
field techniques were developed to determine the coeflicient of perme- 
ability of the soils of the valley. Experiments were carried on to 
determine the amounts of water that must be drained from the various 
types of soil to keep the water table at a safe level and to leach out 
the saline materials. A tile-spacing formula was developed, checked 
in the laboratory and field, and put to successful use in the farm- 
planning program. A method was developed for solving the drainage 
problem in barrier areas. The results of these studies are used widely 
in the Imperial Valley and as a guide for drainage work in other areas 
of the West that need drainage. 

Fifty years of experience in irrigation in the Imperial Valley illus- 
trates the value of research in the field of drainage. In 1901 irriga- 
tion water was first brought to Imperial Valley and some 500,000 
acres of land were irrigated. By 1902 there was evidence that some 
of the land would have to be drained. By 1919 approximately 125,000 
acres were affected by high water tables and salt accumulation. Since 
1944, as a direct result of research investigations and through the 
assistance of the Soil Conservation Service, approximately 70,000 
acres of land in the valley have been drained. As a result, crop pro- 
duction has greatly increased. The average annual net increase in 
returns from this drainage is estimated at $2,100,000. 

San Fernando Valley, Calif., drainage investigations —Under this 
study, a technique was devised for testing existing or abandoned deep 
wells for artesian flow between strata. Methods were developed for 
evaluating the cause of the high ground water through a study of 
rainfall, irrigation, soils, evaporation, fall moisture deficiency, con- 
sumptive use, and runoffs. All of these measurable factors were in- 
cluded in a calculation of (1) amounts of water available, (2) amounts 
of water used by the plants, and (3) amounts of water percolating to 
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the underground basin and causing or accentuating the high water 
table condition. ‘These data are used by the Soil Conservation district 
in its water management and control program, by Los Angeles City 
and County in its flood control, sewage disposal, and water salvage 
operations and by the city w: ater department in its water- spreading 
program. Such data are essential to the entire program of water 
conservation in an area of critically short water supply. 


F. SOME ADDITIONAL WORK NEEDED 


There are definite needs for the development of more effective 
methods of quickly making drainage and alkali investigations to 
determine the source, amount, and yuality of water to be removed. 
Development of such methods and usable criteria of reclaming 
waterlogged and alkali lands by surface drains, subsurface drains, 
pumping from wells, controlled irrigation-water application, and 
other means should be further investigated. Detailed procedures 
should be developed for determining the practicability of effectively 
removing salt and alkali from lands ‘through leaching or other means. 

For areas of occasional high- intensity. summer rainfall such as 

Nebraska, Kansas, Oklahoma, and western Texas, better criteria 
should be dev eloped for taking care of both surface drainage and sub- 
surface drainage from irrigated lands. 


IRRIGATION INSTITUTIONS 
(SCS—R-3-—5—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The object of this work is to study water rights and to determine 
the needs, methods, and practices for the rehabilitation of irrigation 
and drainage enterprises. With this end in view studies are being 
made of customs, regulations, and laws affecting farm irrigation and 
drainage with partic “ular reference to the effect of the individual State 
water laws of the Western States upon the activities and work of the 
Federal Department of Agriculture. The project also includes studies 
of irrigation and drainage enterprises organization as they relate to 
multiple- use projects in basin-wide developments. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-3-5-1—Needs, methods, and practices for the rehabilitation of 
irrigation and drainage enterprises. Studies of irrigation enterprises 
desiring aid in the ev valuation of the conditions that have prevented 
the successful mani agement of the enterprise; involving comprehensive 
consideration of the physical conditions, climatic factors, and eco- 
nomic problems involved in the possible rehabilitation of the under- 

taking. 

R-3-5-2—Customs, regulations, and laws affecting farm irrigation 
and drainage. Determination of the effect of State laws, customs, and 

regulations dealing with the orginization, operation, and financing 
of irr igation districts and other irrigation organizations in the W estern 
States. 
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C. HISTORY AND EVOLUTION OF THIS WORK 


Since 1918 the Division of Irrigation and Water Conservation and 
its predecessor have been engaged in the collection and analysis of 
data on irrigation institutions including methods of organization and 
their adaptability, and have prepared a number of reports covering 
irrigation districts in Oregon, Nebraska, Arizona, Washington, C ali- 
fornia, Idaho, and Utah. For many years the Division has under- 
taken extensive studies of customs, regulations, and laws affecting 
farm irrigation and drainage. Some w ork was started in 1918, but the 
present project was begun in 1937. 

At various stages in “the development of the West different kinds of 
organizations, private and public, have become dominant in the fur- 
nishing of water to settlers on new projects. The earliest enterprises 
necessarily were very small. The first ones in the Southwest ante- 
dated the coming of the Spaniards. The “community acequias” es- 
tablished by the Spaniards were an amalgamation of Spanish and 
prehistoric Indian customs, and many of them are still in operation 
in New Mexico. In the Mormon se ttlements, irrigation at first was a 
function of the ecclesiastical colony organization. It was later a func- 
tion of the towns in some ¢ ases, of e: wly irrigation districts in others, 
and of private associations in still others. Most of these enterprises 
are now mutual irrigation companies, many of which are incorpo- 
rated. Elsewhere in the West small groups of farmers dug ditches 
and diverted water under verbal or written agreements, or as incor- 
porated companies; some are still informal associations, and others 
have passed through some kind of formal organization. Mutual com- 
panies were also formed in connection with the subdivision and sale 
of land. Commercial: irrigation, or the sale of water for profit, was 
practiced extensively in many areas for several decades, but most of 
these enterprises have passed to farmer-owned organizations. Irriga- 
tion districts financed by the sale of bonds became prominent before 
the turn of the century and are now of outstanding importance in 
many Western States. Under the Carey Act and F ederal reclamation 

developments it was intended that project operation eventually should 
be controlled by the water users instead of the developing agency. 

More recently have come large-scale multiple-purpose projects, 
sometimes integrated for river basins or other large areas, in which 
irrigation is only one of the primary functions. In view of the ever- 
increasing cost of obtaining new water supplies, it would appear 
that much irrigation development from surface streams in the future 
will be associated with these great projects. 

The study of irrigation enterprise organization was undertaken to 
determine the advantages and disadvantages of the several types of 
public and private organizations, based upon their past experience, in 
order to furnish a guide as to their suitability for situations that will 
be met in the future in connection with multiple-use projects. 


D, FUNDS—-ANNUAL EXPENDITURES 


The amounts expended have varied considerably over the past 
years. For the period 1930-45 approximately $10,000 per year was 
spent. Amounts spent during recent years are as follows: 1945, 
$19,000; 1948, $22,000; 1949, $21,000; and 1950, $13,000. 


pce PREHEAT 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


As a result of the work, laws for the control of both surface and 
underground waters have been established in a number of the Western 
States on a more or less uniform basis. Books and bulletins pre- 
pared under this project have been used as text material on irrigation 
institutions throughout the West. 

A report was prepared entitled “Desirable Principles of State 
Water Legislation.” ‘This report presents principles deemed desirable 
in State water legislation based upon the doctrine of prior appropria- 
tion. Although not in the form of a statute, it contains practically all 
that would be included in a statute except details of procedure, which 
would vary from State to State and would not affect the principle in- 
volved. Any particular principle is so stated that it can be drafted 
into legislation in any State in which the principle is considered appli- 
cable to local conditions. 

A report was prepared upon the water laws of Hawaii, including a 
chapter dealing with the rights to use of ground waters. Assistance 
has been given the Board of Water Supply of Honolulu in its function 
of administering control over the development and use of artesian 
waters in the Honolulu area. Some of the more important reports 
pertaining to this subject are as follows: 

Desirable Principles of State Water Legislation. National Reclamation Asso- 
ciation, Washington, D. C., 1946. (Final report of committee on preparation of 
Uniform Water Code for Consideration of the West.) 

Selected Problems in the Law of Water Rights in the West. 1942. Prepared 
under the supervision of the Solicitor, United States Department of Agriculture. 
Miscellaneous Publication No. 418. 

Outline of Water Law Doctrines in the Seventeen Western States. 1941. 
A mimeographed report prepared for Department personnel engaged in admin- 
istration of the water facilities program of the United States Department of 
Agriculture. 

Mutual Irrigation Companies in California and Utah. 1936. Farm Credit 
Administration Bulletin No. 8. 

The data contained in these reports form the basis of water rights 
and irrigation and drainage enterprise organization in the West. 


F. SOME ADDITIONAL WORK NEEDED 


Additional research is needed on the appropriation, adjudication, 
and public administration of water supplied, both surface and under- 
ground. This information is especially needed in connection with 
basin-wide development of multiple-use projects into which existing 
rights, procedures, and laws must be integrated. Laws governing the 
acquirement, determination, and administration of waters have been 
established in the various areas, some of which have been successful 
and others have encountered serious difficulties. The problems inci- 
dent to intrastate and interstate streams and their tributaries are per- 
plexing. There is particular need for study of this phase of the 
general problem. 

The matter of rights to and the distribution of ground-water sup- 
re is requiring increased attention. The legislatures of several 

tates have provided means for. acquiring and administering rights 
to the use of ground water, and State engineers are now faced with 
the problem of administration of these laws. The use of ground 
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water is becoming more and more general and seems destined to be- 

come of increasing importance in farm irrigation. It is necessary 

that the establishment of rights to and the distribution of ground- 
water supplies take full account of their conservation and best use. 

In many of the older irrigated areas, overlapping irrigation sys- 
tems and parallel canals operated under different management are 
common. Likewise, enterprises operating the drainage facilities are 
usually separate from those in cl.arge of the irr igation | systems. Con- 
solidation of irrigation and drainage enterprises within an area should 
be given further “study. It would appear that the best interest of a 
community would be served by having the irrigation and drainage 
functions combined; although at present this is rarely found. Ivrri- 
gation enterprises are concerned with getting the water to the land 
only. Drainage enterprises are interested in removing the excess 
water from the land. As separate organizations they tend to operate 
at cross-purposes. Ways of combining these functions should be 
studied and recommendations made for needed changes. 


Mecuanics or Erosion Unper IrricatTion 


(SCS—R-3-6—Federal State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To determine the relative importance of the principal factors af- 
fecting the occurrence of erosion on irrigated land; to find the effect 
of irrigating with varying volumes of irrigation wi ater upon soil loss 
from different soil types as affected by slope and soil treatment; to 

carry out essential laboratory studies that will give a measure of ‘the 
susceptibility of important soil types to erosion; and to apply such 
studies to field conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-3-6-1—Laboratory studies to determine the effect of soil type, 
velocity of flow, method of tillage, and irrigation upon resistance 
to erosion. A study of the more important soil physical properties 
influencing the resistance of the soil to erosion under irrigation, as 
well as the influence of tillage practices and size of irrigation land 
upon soil washing in irrigated fields. 

R-3-6-2—Field studies of the effect of methods of irrigation upon 
soil and water losses, as well as upon water penetration and crop 
yields. A comprehensive study of the effect of the common methods 
of downhill irrigation contrasted to various types of contour applica- 
tion. Results are measured in terms of effect on soil loss, moisture 
conservation, and crop yields. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work began on this project in the latter part of 1938 at several loca- 
tions in the Western States where ser ious problems had arisen in con- 
nection with the heavy erosion occurring in a number of different soil 
types recently brought under irrigation. Information on the results 
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of this study is being made available currently to operations personnel 
and others. ladeakeniaeas so soil loss, moisture conservation, crop 
yields, and other factors is being obtained in relation to slope, size of 
irrigation streams, and moisture level at which the soil is held. 


D. FUNDS—ANNUAL EXPENDITURES 


Information is not readily available on the amounts expended on 
this work each year prior to ‘fiscal year 1948. For the last 3 years the 
following amounts have been expended on this study: 1948, $15,000; 
1949, $ SOT, 000; and 1959, $19,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Permeability and stability of soil and soil materials ——The useful- 

ness of various methods of measuring seepage loss has been found to 

vary with the texture of the subgr: ade, the water depth, and the dis- 
tribution schedules of the irrigation. It has been found in general 
that seepage losses are greater from the sides than from the bottom of 
the canal. On the basis of these findings, special attention is being 
given to a study of seepage processes and to the design of seepage 
measuring equipment to meet the deficiency of present equipment 
used in this work. Equipment for measuring seepage losses in canals 
has been developed. ‘Techniques for predetermination of seepage 
losses along canal locations have been established. 

Effect of irrigation methods and cultural practices on soil and 
water losses, moisture penetration, and crop yields on certain irrigated 
lands in eastern Oregon.—The rate at which water enters certain 
soils in eastern Oregon is extremely slow. Lateral movement from the 
furrows and corrugations is likewise slow. Crop rotation affects the 
infiltration rate. For: ge crops seem to improve the rate and reduce 
erosion on these tight ‘soils more than any other treatment. Spac- 
ing of corrug: tions on these soils should not be closer than 20 inches 
nor further r apart than 24 inches. The soil erodes readily under large 
heads of water, particularly while in row crops where corrugations are 
kept free of debris by frequent cultivation. The rooting zone of 
ar on the tight soils in this area has been found to be about 18 
to 24 inches. Individual irrigations should be limited to the amount 
of water necessary to fill this zone. The results from this study are 
being used by the Soil Conservation Service, Bureau of Reclamation, 
Extension Service, and others in laying out farm irrigation systems 
and in assisting farmers in setting up irrigation practices on new 
farms being developed i in the area where the infiltration rates are low 
and the erodibility of the soil high. 

Irrigation and soil loss characteristics of contour and down-slope 
irrigation.—Results from this project have had a considerable influ- 
ence on the land use, irrigation, and erosion control practices and 
recommendations in the State of Washington and other Western 
States. They have been used by interested and cooperating agencies 
and by Government action agencies and others in solving the problem 
of erosion on irrigated lands. They have provided the basis for 
orienting the program in light of field needs and conditions. An 
extremely useful finding at one of the experimental areas is that water 
could be placed in the soil three times as fast when land is planted 
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to alfalfa than after the land had been in row crop for several years. 
Such information is extremely important in areas where water enters 
the soil slowly without some conservation treatment. Considerable 
data have also been obtained from this study on the amount of water 
consumed by different crops. 


F. SOME ADDITIONAL WORK NEEDED 


Permeability and stability of soils —Permeability and stability are 
two of the most important properties of soils determining their use, 
both for the production of crops and as a structural material. While 
these properties have been the subject of muc! research, much re- 
mains to be learned concerning their measurement, evaluation, and 
their significance in relation to land use, their use in construction, and 
water movement through them. The behavior of soils as regards 
porosity, texture, shrinkage characteristics, and other factors should 
be correlated with such factors as permeability and erodibility of agri- 
cultural lands and the permeability and stability of earth linings 
employed to reduce seepage losses in irrigation canals. 

Effect of methods of irrigation upon soil and water losses and infil- 
tration.—In many irrigated areas of the Northwest, water losses and 
soil erosion are heavy, largely because of the relatively steep slopes 
of the irrigated lands and the slow water intake and high erodibility 
of the soils. Practical w: tys for applying adequate water without se- 
rious soil movement should be developed. This will require further 
study of how to improve the intake rate of water into the soils so that 
periods of water application are practical and sufficient water can be 
stored in the soil to meet adequately plant needs for maximum pro- 
duction. 


INVESTIGATIONS OF ENGINEERING PropLeMs INVOLVED IN DRAINAGE AND 
Water Conrrou In THE EVERGLADES 


(SCS—R-4-1—Federal-State—Regular Funds) 


Ae PURPOSE AND NATURE OF CURRENT WORK 


To obtain data relating to the hydrology of the region; the effect- 
tiveness and limitations of various water-control practices under 
Everglades conditions; the effect of water control upon the rate of 
subsidence of peat and muck soils; the pumping requirements for irri- 
gation and drainage; the maintenance of drainage improvements 
poth by mechanical means and by the use of chemicals; and the effi- 
ciency of various types of farm-pumping installations operating under 
Everglades conditions. Field investigations are being made of the 
effect of maintaining the ground-water table at various elevations 
upon the rate of subsidence ‘of peat soils, and upon crop yields. Tests 
are made to determine the requirements for drainage and irrigation 
pumping plants under Everglades conditions. Experiments are under 
way to develop more effective and efficient methods of maintaining 
drainage ditches both by mechanical means and by the use of chemi- 
cals. Hydraulic factors governing the flow of water in channels with 
extremely flat grades and under subtropical conditions are being in- 
vestigated. 


78552—51 
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B. CURRENTLY ACTIVE LINE PROJECTS 


R-4-1-1—Hydrologic investigations in Southern Florida. The 
primary object is to determine how much water must be provided for 
in planning farm drainage and water-control improvements. Reliable 
data on the frequency and time of occurrence of periods of excessive 
rainfall and periods of drought are essential in planning water-contro| 
improvements. 

—4-|-2—Design and maintenance of drainage systems under Ever- 
glades conditions. Investigations are under way to obtain reliable 
data on cost, operation, and maintenance of drainage and water-con- 
trol systems in the Everglades, as well as to determine the best type 
of design for farm pumping plants to effect drainage and water 
control. 

R-4-1-3—Relation of soil type and depth of the underlying geologi- 
cal formation to pumping requirements for the organic soils of the 
Everglades area. To determine the feasibility of water control by 
means of dikes and pumps on peat and muck soils underlain with rela- 
tively permeable and impermeable strata. Investigations also include 
rate of subsidence of peat and muck areas and change in cross section 
of dikes and embankments composed of organic soils or admixtures of 
such soils with different amounts of marl. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Studies relating to ground-water control for organic soils have been 
carried on since 1933. Early work was confined primarily to determin- 
ing the effect of controlling the depth of the water table upon the rate 
of subsidence of the organic soils, and upon the yield of various crops 
grown on such soils. In 1939 the work was expanded to include topo- 
graphical surveys, subsurface surveys, land capability surveys, and 
the collection of other data required for the development of water- 
control plans to conserve the soil and reduce fire hazards. In 1948 a 
bulletin was issued giving the results of the surveys and outlining a 
pore plan of outlet drainage for the area. Since 1948, studies have 

een limited to investigation of factors governing flow of water in 
channels with extremely flat grades and under subtropical conditions; 
to the determination of the requirements of farm pumping plants 
under the various soil and subsoil conditions existing in the area; and 
to the development of cheap and effective methods of constructing 
and maintaining water-control improvements. Such data are essen- 
tial to the sound agricultural development of the more than 1,900,000 
acres of organic soils in the area. 


D. FUNDS—ANNUAL EXPENDITURES 


It is estimated that expenditures during the years 1933 to 1938 
ranged from $6,000 to $9,000 per year. During the period 1939 to 1947 
expenditures ranged from $50,000 to $75,000 per year. In 1948, ex- 
penditures were $18,300; in 1949 they amounted to $19,400; and in 
1950 to approximately $15,200. Federal funds expended on this proj- 
ect must be matched by State and local agencies. 
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E, EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Rate of subsidence of cultivated peat soil varies directly with the 
depth of water table-—Cultivated peat soil with the water table main- 
tained 3 feet below the ground surface subsides at the rate of about 
0.1 foot per year; whereas with the water table held at 114 feet below 
the ground the peat subsides at the rate of only 0.05 foot per year. 

Deep peat areas now cultivated in northern Everglades have sub- 
sided as much as 6 to 6 feet or more since cultivation started about 
35 years ago.—In planning reclamation of such lands the rate of 
subsidence must be considered. The loss in elevation decreases depth 
of ditches and the height of levees built of the material, thereby 
decreasing the capacity of the drains and protection against overflow. 
It also increases pumping lift for drainage and causes great seepage 
from undrained marsh land. Continuing subsidence limits the period 
of years such lands may be cultivated profitably. 

A topographic survey was completed and map prepared.—This 
report serves as a base for the development of drainage and water- 
control plans for the area. 

Land in Everglades area has been classified and mapped according 
to use capabilities —These land capability maps are widely used in de- 
termining the areas suited for agricultural development and for 
other uses such as water-conservation areas and wildlife habitats. 

The rock formation underlying the Everglades area and the extent 
of the different upper formations have been mapped.—The effective- 
ness and cost of measures for controlling surface and soil waters may 
be largely determined by the structure of the underlying rock and the 
depth and kind of overlying material. Where a permeable substratum 
near the ground surface carries a large flow of water, dikes and ditches 
may be of little use for protecting and draining the soil above. 

Pumping capacities required for large areas have been determined. — 
It has been found that pumping plants draining 1,000 acres or more of 
sugarcane land should have a capacity sufficient to pump at least 1 
inch of water per 24 hours from the area drain. A capacity of 2 inches 
per 24 hours or more is desirable for truck crops. 

A method of controlling water hyacinths in large outlet ditches has 
been developed.—Investigations indicated that a heavy growth of hya- 
cinths in outlet ditches reduced their capacity to less than half when 
cleared. The application of the chemical 2,4—D by airplane has been 
found to be effective and economical. 


F. SOME ADDITIONAL WORK NEEDED 


Investigations to determine the rate of movement of water through 
the very porous rock (Miami oolite) underlying a large part of the 
southern Everglades area—The effectiveness of water-conservation 
areas in the southern Everglades depends to a large extent upon the 
feasibility of maintaining a head of water against the levees or dikes 
surrounding the areas. The purpose of this investigation is to deter- 
mine the practicability of maintaining such a head. 

Determination of the capacity and power requirements of farm 
pumping installations in use in the northern Everglades.—Many of the 
farm pumps in use are made locally by small machine shops that are 
not equipped to test their products. Because of the low price, farmers 
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are buying these pumps but frequently find that the pumps, after they 
are installed, do not com sufficient capacity to meet the pumping re- 
quirements. Reliable data on capacity and power requirements under 
Everglades conditions are needed. 


STUDIES OF THE Errects oF IRRIGATION AND DRAINAGE ON THE Rock- 
DALE AND Maru Sotts or THE EVERGLADES 


(SCS—R-4-2—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF WORK 


To develop satisfactory and efficient methods of irrigating Rock- 
dale soils; to determine the best method of drainage and water contro! 
on marl lands; and to determine the rate of intrusion of chlorides into 
the developed and undeveloped mar! lands of the southern Everglades. 
Various methods of irrigation are tried out and the effects of apply- 
ing irrigation water at different rates and amounts are being investi- 
gated. Experiments are being conducted with various methods of 
water control on the marl lands; and the effect of a high water table 
in the Everglades area on the intrusion of salt into the area is being 
investigated. 


B. CURRENTLY ACTIVE LINE PROJECTS 


R-4-2-1—Trigation studies on the Rockdale soils. To study re- 
sults of present irrigation practices and develop new and improved 
practices suitable to the Rockdale soils. Determination will be made 
of the effect on ground-water levels over typical portions of the area. 

R-4-2-2—Drainage of marl lands. To determine the need for 
drainage and to develop effective and efficient methods of drainage and 
water control for marl lands. 

R-4-2-3—F actors affecting the intrusion of chlorides in mar! 
areas. ‘To determine the extent and seriousness of salt intrusion and 
to develop methods of controlling it. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Irrigation and drainage investigations on the Rockdale and marl 
soils were started in 1945 and have been carried on continuously since 
that time. In cooperation with local grove owners, tests have been set 
up to determine the most effective rates and amounts of water to apply 
per irrigation and the most effective cycle of irrigation for various 
crops. Some tests have been made of the irrigation equipment in use 
in the area, but there is still much controversy among landowners con- 
cerning the results obtained with different types of equipment, meth- 
ods, rates, and amounts of water application, and the extent of distri- 
bution of water by different types of equipment. Irrigation is expen- 
sive and it is important that reliable data be made available to land- 


owners to enable them to design and operate irrigation improvements 
efficiently. 


D. FUNDS—-ANNUAL EXPENDITURES 


Expenditures from 1945 to 1949 have ranged from $12,000 to $17,000, 
with approximately $14,500 being expended during 1950. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Construction of control structures recommended near outlets of 
drainage ditches discharging into salt water has reduced salt intru- 
sion into agricultural areas by raising ground-water table-—Salt in- 
trusion not only affects agricultural production but endangers the 
potability of domestic water supplies for Miami and other urban 
areas. 

The cost of irrigation and amount of fertilizer required have been 
materially reduced.—Practically all farmers are now applying 1 inch 
of water per irrigation instead of 2 inches, at ¢ saving of $8 to $10 
per acre, and reductions in cost of fertilizer qincied to about $60 per 
acre, 

A method of drainage has been developed for marl lands that re- 
duces danger of salt intrusion—This method also makes it possible 
to cultivate the land earlier in the cropping season. 


F. SOME ADDITIONAL WORK NEEDED 


Effect of pumping from drainage ditches cut into the rock on the 
intrusion of the salt into ground-water supplies—There is evidence 
that considerable areas of land will have to go out of production unless 
such pumping is controlled or stopped. 

Pumping requirements for the drainage of marl land—A method 
of diking and draining marl land and pumping water from the 
drained area has been developed, but information is needed on the 
required capacity of pumps, the amount of water to be pumped, and 
the cost of operation. 

Tests of various types of equipment and methods of irrigation.— 
The results will help to determine the most efficient practices for the 
Rockdale and mar! soils. 


RELIEVING THE Pressure ON Farm I[rrIGATION Supriies By Deve ior- 
MENT OF UNDERGROUND AQUIFERS 


(SCS—RM: b—-20—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


The object of this project is to determine and evaluate the factors 
that affect the rate of movement of water into the soil surface (infil- 
tration) and through the subsoil to the ground-water aquifers (per- 
colation). Under conditions of prolonged wetting, efforts have been 
made to divert irrigation water over the surface of the soil so that 
it may infiltrate the soil and percolate to underground aquifers for 
storage. Numerous experiments involving mechanical treatments 
and the addition of both organic and inorganic supplements have 
resulted in the accumulation of considerable data. The interpreta- 
tion of these data has been hampered by the dearth of information 
as to basic factors that tend to accelerate or retard the movement of 
water through soils. Little is known concerning the changes that 
occur in soils under the long and continued saturation necessary in 
water-spreading programs. It is the purpose, therefore, to determine 
by means of simultaneous field and laboratory tests the basic reasons 
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for varying behavior of water entering the soil under different me- 
chanical treatments or with supplements incorporated in the surface 
soil. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM-b-20—California—Replenishment of irrigation storage in 
deep underground aquifers. To determine the basic reasons for the 
varying behavior of water entering the soil under different mechan- 
ical treatments or with amendments applied on the surface of the 
ground or incorporated in the surface soil, including the effects of 
(a) air entrainment, (6) development of chemical changes in the soil, 
(c) root penetration, (¢@) microbiological changes during periods of 
prolonged wetting, and (e) soil aggregation and its causes; to deter- 
mine basic relationships affecting the transmission of water through 
the soil and subsoil; and to develop and test instruments, methods 
and techniques whereby the soil conditions of proposed sites may be 
evaluated as to the suitability for water infiltration and transmission 
to underground aquifers. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on this project was begun in the fiscal year 1948. The San 
Joaquin Valley of California has about 1,500,000 acres of irrigable 
lands. Records show that around 5,000,000 acre-feet of water is 
being pumped annually from ground-water storage, while only about 
one-third that amount has been getting back into the aquifer. It is 
evident, therefore, that some means must be found to increase the 
average annual return to the deep underground aquifers. All of the 
farmers of the area are aware of the progressive depletion of the 
ground-water supplies and the increasing costs for energy necessary 
to raise water from the greater depths. They realize that even with 
a cycle of years of heavy precipitation, the restoration of normal or 
economical ground-water levels will be slow unless infiltration and 
percolation of water into the aquifers is stimulated. One of the 
main purposes of the Central Valley reclamation project in this area 
is to provide surplus waters for artificially recharging the under- 
ground aquifers so that the ground-water resources of the valley may 
be restored. The interests involved in this cooperative project be- 
lieve that the study will show why certain soils seal up under con- 
tinued submergence and will point the way to successful methods of 
artificially recharging underground aquifers. The Friant canal of 
the Central Valley project will soon be ready to supply off-season 
water for some spreading operations, and these experiments are 
planned to produce data basic for the determination of the proper 
treatment for some of the spreading areas. Experimental plots have 
been established and laboratory and field equipment has been provided 
for use in analyzing results. The fields of study represented in the 
work include water management (hydraulics and hydrology), soils, 
and soil microbiology. Each will contribute to the over-all study 
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in an attempt to arrive at a solution of the recharge problem in the 
area where considerable water must be put into storage underground 
if the agricultural economy of the Central Valley is to be maintained. 


D. FUNDS—-ANNUAL EXPENDITURES 


This project was begun in 1948. The amounts expended on this 
work since that time are as follows: 1948, $21,000; 1949, $30,000; and 
1950, $29,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Test pond studies under R-3-3-2 first indicated the striking effect 
of cotton-gin trash. No other organic material gave similar results. 
It was demonstrated in the test pond studies that cotton- gin trash 
when applied to the soil in the test plots and following an incubation 
and drying-out period, greatly increased the intake rate of the soil. 
After nearly 3 years of testing the gin trash is still effective. The 
reasons for this are as yet unknown. This problem is being attacked 
from the chemical, physical, and biological angles. Undoubtedly, if 
the reason for the beneficial effect of gin trash can be found, other 
organic material may also be effective in maintaining high intake 
rates. The gin trash after incubation and drying seems to have an 
effect on soil aggregation. 


F. SOME ADDITIONAL WORK NEEDED 


As yet no satisfactory reason has been established as to why the rate 
at which water enters the soil in the spreading areas decreases with 
time. Information and solutions are needed on the following ques- 
tions and problems: 

What changes, if any, of soil organisms take place during a spread- 
ing run, and what relation do these changes have on the percolation 
rate? 

What changes, if any, take place in the physical characteristics of 
the soil such as structure, aggregation, volume weight, field capacity, 
porosity, organic content, pH, and other soil properties, during a 
spreading run? 

Does extract from cotton-gin trash produce the same effect as ap- 
plying the trash to the soil ? 

What application of gin trash is necessary to increase the percola- 
tion rate? 

What is the nature of algae and the formation of gas bubbles in 
ponds under various treatments and their effect on percolation rate? 

What grasses may be grown on field- “spreading areas to yield a re- 
turn and yet increase the percolation rate ? 

The three phases of study—laboratory, test ponds, and large spread- 
ing fields—should be continued concurrently in order that the findings 
of research may be effectively reduced to practice. 

Test pond studies and field spreading shoul be established in other 
areas where soils are different and artificial recharging is urgent. 
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TRRIGATION AND Som. MANAGEMENT Struptes INcLupING DrarNaGe, 
SALINITY, AND FERTILIZATION 


(BPISAE and SCS—RM: b-324—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF WORK 


(1) To determine the fertilizer, soil amendment, and soil manage- 
ment practices under different irrigation and drainage methods for 
efficient production of alfalfa in rotations and hay and forage on high 
altitude meadows, including investigation of the source, amount, 
quality, and seasonal distr ibution of the irrigation water supply; and 

(2) to determine the effects of these practices on obtaining and main- 
taining desirable plant species. This work is also concerned with the 
determination of various cultural and soil and water management 
practices on other crops in the rotation. It also includes field diag- 
nosis and treatment of alkali conditions. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-324-1—Investigations of soil management problems relat- 
ing to the yield and quality of alfalfa under irrigation rotations. ‘To 
determine the best fertilizer and cultural practices for growing alfalfa 
and other crops in rotations. 

RM: b-324-2—Diagnosis and treatment of saline and alkali soils 
in the field. To study soils in alkali problem areas and make recom- 
mendation for their improvement. 

RM : b-324—3—-Irrigation and soil management studies on high 
mountain meadows. To determine the fertilizer and soil management 
practices required under different irrigation and drainage practices 
for efficient production of hay and forage of high quality. 

RB: b-324-4— Irrigation water management and drainage practices 
in the production of hay and forage in the high mountain valleys of 
Colorado. To investigate sources, amount, quality, and seasonal dis- 
tribution of irrigation water supplies, and to develop methods of water 
application and drainage for efficient production of hay and forage on 
high mountain meadows. 


C. HISTORY AND EVOLUTION OF THIS WORK 


One segment of work under this project, dealing with alfalfa rota 
tions, was initiated in fiscal year 1949, in direct cooperation with a 
RM:a-9(b)3 regional project with activities centered at Logan, 
Utah. Another segment dealing with diagnosis and treatment of alkali 
conditions in the field was also initiated in 1949 under the genera! 
direction of the United States Regional Salinity Laboratory. A third 
phase dealing with high mountain meadows was initiated jointly by 
the SCS and the BPISAE in cooperation with State experiment sta 
tions, All of these investigations were initiated as a result of de 
mands for information on phases of irrigation problems which were 
not currently being studied. 


D. FUNDS—-ANNUAL EXPENDITURES 


The first two segments of this work were initiated with an alloca- 
tion of $20,000 RM:b funds in 1949. In 1950 total funds allocated 
under this project were $54,000. 
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E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


This is a new project with two line projects in their second year and 
two line projects in their first year of opel ration. 

Agronomic studies initiated at Logan, Utah—One of the most 
comprehensive agronomic field studies ever undertaken was initiated 
during 1949. The irrigation systems have been installed, the alfalfa 
plots seeded, and the other plots prepared for full-scale use of all the 
crops, as well as fertilization and irrigation variables, during the 1950 
season. 

Field work on the diagnosis and treatment of alkali soils included 
studies of acute problems in five areas —The results of the investiga- 
tions conducted at the Tucumeari project, New Mexico; Grand Junc- 
tion area, Colorado; Gem County, Idaho; Beryl- Enter prise area, 
Utah; and the Coachella Valley, Calif., are being publis shed and made 
available to farmers and State and Federal agencies. 

High altitude mountain meadow investigations. —Preliminary re- 
sults commenced this season show as high as 160 percent increase in 
forage yields from applications of nitrogen and proper control of 
water in the first year. Observations indicate corres ponding improve- 
ment in quality of hay. 


F. SOME ADDITIONAL WORK NEEDED 


The research work under mountain meadows should be expanded 
to include the States of Utah, Nevada, and Montana, as well as addi- 
tional areas in Wyoming and Colorado. Drainage investigations 
should also be included. The alfalfa rotation investigations should be 


expanded to include other crops and other locations, particularly the 
State of Washington where some State funds under former RM: 
a—)(b)3 are available for cooperation, 


Untrep States ReGionaLt SAuiniry LABrorarory 
(BPISAE—SRF-3-9—Federal-State—SRF Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To investigate the relationship of saline irrigation waters and 
saline and alkali soils to plant growth and to related factors involved 
in a permanently oussental irrigated agriculture. The current work 
is organized in five mi jor categories: (1) Characteristics of saline and 
alkali soils in relation to therr productivity, (2) the improvement and 
management of saline and alkali soils, (3) salt and alkali tolerances 
of crop plants grown under irrigation, (4) water and biochemi- 
cal relations of crop plants, and (5) cooperative field investigations 
with agricultural experiment stations of the Western States and 
other Federal agencies. Except for item 5, this work involves basic 
research on the problems encountered in producing crops on saline 
and alkali soils, including their reclamation, the relationship of soil 
salinity to physical and chemical properties of soils, and the salt 
tolerance and water requirements of crops. The work under item 5 
includes irrigation, drainage and soil management practices, and the 
practical application of the findings of the laboratory to problem 
areas where saline or alkali soil conditions exist. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


Characteristics of saline and alkali soils in relation to their pro- 
ductivity ——To study soluble constituents, cation exchange processes, 
and pH of saline and alkali soils as related to irrigation and ground 
waters. The current work is concerned with characteristics of clay 
minerals, water relations in saline and alkali soils including permea- 
bility, infiltration, and the effect of quality of irrigation water. In 
addition, special effort is being devoted to the development through 
basic research of effective field methods for diagnosing these soil 
conditions. 

The improvement and management of saline and alkali soils.—To 
develop improved methods of leaching, irrigation, drainage, and the 
application of soil amendments to be used in the reclamation of saline 
and alkali soils, and to prevent the deterioration of agricultural lands 
now in production. 

Salt and alkali tolerance of crop plants ——To determine the relative 
salt and alkali tolerance of field, forage, truck, and tree crops grown 
under irrigated agriculture in the Western States, using soil, sand, 
and water-culture procedures, salinized soil plot techniques, and field 
studies. These investigations also include laboratory and greenhouse 
experiments on the effect of various salts on seed germination. 

Vater and biochemical relations of plants as influenced by saline 
stresses.—To determine the effect of soluble salts in the soil solution 
on the ability of the plant to obtain water, and the response of plants 
to the accumulation of salts in its tissues. A second phase of this 
project is to determine the effect of bicarbonate and other ions on the 
development of chlorosis that occurs frequently in the West. 

Quatity of irrigation and drainage waters.—To determine the qual- 
ity of irrigation waters and the effect of waters containing salts and 
boron on plants and on the soils to which they are applied. 

Cooperative field ewperiments.—These experiments are designed to 
make practical application under field conditions of the basic re- 
search and methods developed by the laboratory. They involve studies 
of leaching, drainage, and irrigation procedures, and the application 
of amendments to reclaim or improve saline and alkali soils. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Over 20,000,000 acres are farmed under irrigation in Western States, 
and many additional acres are coming under irrigation as a result of 
reclamation projects. On about half ef this area soil productivity 
is impaired or threatened by the excessive accumulation of soluble 
salts, or “alkali,” or high water tables. The impact of salt injury 
is a continuing hazard to successful irrigated agriculture, and it may 
be expected to increase rather than diminish, since the trend is to 
utilize all available water, including return flow from older irrigated 
lands. It has been estimated that in some instances losses from reduc- 
tion in yield and quality of crops amount to 10 to 25 percent. The 
regional salinity laboratory at Riverside, Calif., was established in 
1938 to study the various aspects of the salt problem and to provide 
basic information needed by the cooperating States to combat saline 
and alkali soil conditions. 
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D. FUNDS—ANNUAL EXPENDITURES 


The annual expenditure for 1938 and 1939, when the laboratory 
was under construction and the staff was being assembled, was $75,000. 
From 1940 through 1945, annual costs averaged $90,000. Since then, 


the annual expenditure has varied from $96,000 in 1946 to $124,000 
in 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Diagnosis of saline and alkali soils —The laboratory has developed 
apparatus and methods for determining soil moisture relationships, 
permeability, and infiltration rates, soil salinity, and or tests 
for sodium, gypsum, boron, and other salts and ions found in western 
soils and irrigation waters. These methods are being used widely in 
soils laboratories of public and private agencies and in the extension 
services to diagnose and appraise saline and alkaline conditions. 

Drainage and leaching—A new technique for installing observa- 
tion wells to determine the depth of water tables and changes in 
ground-water conditions resulting from irrigation has been developed 
in cooperative drainage studies in the Coachella Vailey of California. 
This method will permit the early diagnosis of potential drainage 
problems. Wheat yields have been increased from 0.8 to over 42 
bushels per acre through the removal of excess salts by leaching in 
experiments in the Delta area of Utah. Cooperative irrigation and 
leaching treatments on unproductive saline soil in the Yakima Valley, 
Wai have demonstrated that satisfactory germination of sugar beet 
seed can be obtained through leaching. Flood leaching with 24 inches 
of water increased sugar beet yields 18.5 tons per acre. 

Soil amendments.—Studies in Idaho, Oregon, and Washington, in- 
volving the application of lime, gypsum, sulfur, and manure to a 
nonealeareous alkali soil have resulted in a fivefold increase in the 
infiltration rate of the soil. 

Salt-tolerance studies —The salt tolerance of about 90 varieties of 
field, forage, truck, and fruit crops has been appraised. Lists showing 
relative salt tolerance of crop plants have been supplied to the experi- 
ment stations in the region. It has been found that salt tolerance is 
related to (1) the specific effect of various toxic ions (sodium, chloride, 
boron, ete.), and (2) to the effect of total salt concentration in the soil 
water. Special studies on soil-water-plant relations have demon- 
strated that as the amount of salt in the soil solution increases, the 
ability of the plant roots to secure water decreases. These studies have 
a direct application to the determination of proper irrigation methods 
when waters of varying degrees of salinity are Beisig applied to saline 
or alkali soils. 

Chlorosis—effect of bicarbonate ion.—Experiments with several 
crop plants have shown that the bicarbonate ion, a common com- 
ponent of irrigation water and soil solutions occurring in the Western 
States, is toxic. The affected plants show chlorosis (yellowing) of 
leaves and a marked reduction in vegetative growth. These studies 
indicate that there are striking differences among crops in their toler- 
ance to bicarbonate, and there is need for a carefal appraisal of 
various crops so as to make recommendations for crop production on 
soils in which this chemical may accumulate. 
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F. SOME ADDITIONAL WORK NEEDED 


Soil-moisture measurements.—These should include investigation 
of permeability and infiltration of water in order to develop better 
methods of measurement. It is of utmost importance to be able to 
predict the rate of infiltration of irrigation water when applied to 
saline or alkali soils. 

Soil-moisture availability—More information is needed with re- 
spect to how salts affect water availability as the soils dry out and 
approach the wilting range. Methods are needed to measure the 
forces involved in restricting water to the plant roots. 

Soil amendments—Additional work on soil amendments is needed, 
particularly in regard to the influence of the type of clay minerals on 
the beneficial effect of the amendment applied. Sodium is one of the 
critical ions in alkali soils, and more work is needed regarding the 
sodium status of western soils and the nature of chemical reactions in 
high sodium soils. 

Salt and alkali tolerance of crop plants—Data on salt tolerance is 
being accumulated as a part of a continuing study of irrigated crops, 
but more information is required on the effect of alkali soils on crop 
performance. This should include studies on chlorosis, which is preva- 
lent in the Western States. Additional research is needed on the effect 
of salts on plant function with special reference to nutritive quality 
of cereal crops and the edibility of. fruits and vegetables. 

Field diagnosis and methods.—Further work is required to improve 
methods for diagnosing saline and alkali conditions. Special studies 
of drainage, leaching, and irrigation methods will help materially 
in the maintenance and continued development of irrigated agriculture 
in the West. 

Broadening of Salinity Laboratory activities—As originally 
planned, the United States regional salinity laboratory was estab- 
lished to study problems in the 11 Western States and Hawaii. With 
recent and proposed increases of irrigated lands in the Plains States, 
it is highly desirable that facilities of the laboratory be increased to 
permit cooperation with the 6 States in the Great Plains. 


IMPROVEMENT, Propucrion, AND Uss TRENDS IN FERTILIZER MATERIALS 
’ 


(BPISAER—d-2-1—F ederal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To promote more efficient use of chemical fertilizers in crop pro- 
duction, this project is organized (1) to investigate the chemistry, 
technology, and processes of production of fertilizers, liming ma- 
terials, and soil amendments for improvement of their properties, 
efficiency, and availability to plants under various conditions of 
crops, soils, climate, and farming; (2) to study sources, production, 
supplies, and consumption of fertilizers, liming materials, and soil 
amendments; and (3) to determine the trends in use and factors 
affecting the consumption of these commodities in crop production. 
The current work is particularly concerned with the improvement of 
the physical and chemical properties of fertilizers in relation to 
the development of higher-analysis products that are better adapted 
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to handling, storage, and distribution in the field. In addition, work 
of a more fundamental nature is under way to provide the basic 


information needed for the development of new and improved proc- 
esses and products. 


B. CURRENTY ACTIVE LINE PROJECTS 


d-2-1-5—Development of sampling and analytical methods for 
mixed fertilizers. To improve methods of fertilizer sampling and 
analysis, and to devise methods for the analysis of new fertilizers and 
of unusual constitutents of fertilizers. 

d—2~1-6—Heat development in mixed fertilizers. To determine the 
conditions favoring spontaneous heating of mixed fertilizers, es- 
pecially those containing ammonium nitrate and organic matter, and 
to devise methods for the formulation of mixtures that will prevent 
development of harmful temperatures. 

d-2-1-7—Synthetic nitrogen fertilizer materials of low solubility. 
To develop synthetic nitrogen materials of low solubility, resistant to 
leaching from the soil, and capable of supplying available nitrogen to 
crops over extended periods of time, and to determine their suitability 
for use as fertilizer. 

d-2-1-8—Quality of insoluble nitrogen in commercial fertilizer. 
To study the quality of the insoluble nitrogen in commercial fertilizers 
marketed in the United States, so as to obtain regional information 
that will serve as a basis for the impovement of such fertilizers and 
the lowering of their cost to the farmer. 

d-2-1-9—F actors affecting the physical condition of fertilizers. 
To devise methods for increasing the efficiency of fertilizers by 
improving their physical condition, with special reference to the 
development of granular, noncaking, nonsegregating, high-analysis 
products adapted to handling, storage, and distribution in the field 
under diverse conditions of climate, soil and crop requirements, and 
farming practices. 

d-2-1- 10—Sources, production, and available supplies of fertilizer 
siedatiais To compile, maintain, and disseminate information on 
sources, production, and available supplies of fertilizer materials 
for the United States, thereby providing a reliable basis for the 
evaluation of their adequacy and suitability. 

d—2-1-11—Consumption of nitrogen, phosphorus, and potassium in 
commercial fertilizers. To make annual surveys of the use of nitro- 
gen, phosphate, and potash fertilizers on State and regional bases, 
in order to determine consumption trends in relation to grades and 
types of fertilizers and to the recommendations of agricultural 
leaders. 

d—2-1—12—Resources, supplies, consumption, and trade of fertilizers 
and fertilizer materials in foreign countries. To compile, maintain, 
and disseminate information on resources, manufacturing and techni- 
logical developments, production, supplies, consumption, and trade of 
fertilizers and fertilizer materials in foreign countries, with special 
reference to the bearing of these factors on fertilizer technology, pro- 
duction, and use in the United States. 

d-2-1-13—Preparation and properties of complex calcium phos- 
phates. To study the properties and interrelations of the calcium 
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phosphates that may occur in fertilizers made by furnace processes and 
to determine the compositions and temperature ranges in which these 
compounds exist, for the purpose of improving the processes and 
products. 

d-2-1-14—Nature of products made from phosphate rock by furnace 
methods. To investigate the chemical and physical properties of 
products made from phosphate rock by furnace methods in relation to 
the chemical composition of the raw materials and to variations in 
process factors, and to determine the suitability of such products 
for use as fertilizer. 

d—2-1-15—Augmentation of supplies of insecticides by improved 
recovery of fluorine compounds in superphosphate manufacture. To 
determine the proportions of fluorine volatilized and recovered in 
superphosphate manufacture and to develop means of increasing the 
volatization of the fluorine and its recovery in the form of useful 
compounds. 

d-2-1-16—Evaluation of silicate slags for agricultural use. To 
obtain basic information on the chemistry, technology, and utilization 
of blast-furnace and other slags in relation to their value as soil-liming 
agents and sources of secondary and minor plant-nutrient elements. 

d-2-1-17—-Preparation of superphosphate with use of mixtures of 
sulfuric and phosphoric acids. To develop methods of producing 
superphosphates having phosphorus contents intermediate between 
those of ordinary superphosphate (20 percent P,O;) and triple ‘super- 
phosphate (45 percent P.O;, whereby use can be made of the rela- 
tively simple equipment and facilities currently employed in manu- 
facturing ordinary superphosphate. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Work on fertilizer resources, production, technology, and utiliza- 
tion was initiated in 1911. The earlier investigations comprised chief- 
ly searches for natural deposits of fertilizers and study of the pos- 
sibility of their utilization. Later, major effort was directed toward 
development of methods for fixation of atmospheric nitrogen, process- 
ing potash raw materials, and production of liquid phosphoric acid. 
Subsequently, the emphasis has been on transformation of ammonia, 
phosphoric acid, and potash into high-analysis compounds for satis- 
factory physical condition and better efliciency for crop production; 
development of more economical methods of processing phosphate and 
potash raw materials; investigations of liming materials and of 
secondary and minor plant-nutrient materials; improvement of the 
physical condition and plant-nutrient content of fertilizers; evalua- 
tion of new products as sources of plant nutrients; and study of the 
consumption of plant nutrients, factors affecting consumption, and 
trends in fertilizer usage. 


D. FUNDS—-ANNUAL EXPENDITURES 


For the period 1911-16 annual expenditures ranged from $12,- 
500 to $36,500. From 1917 to 1922 the annual expenditures ranged 
from $33,000 to $480,000, including expenditures for an experimental 

lant to extract potash from kelp and funds for the operation of the 
ixed Nitrogen Research Laboratory, which was transferred from thie 
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War Department to the Department of Agriculture in 1921. The an- 
nual expenditures approximated $250,000 to $360,000 in 1923-33, 
and $260,000 to $270,000 in 1934-39. Subsequently, the annual al- 


lotment has varied from approximately $170,000 in 1948 to $235,930 in 
fiscal year 1950. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Production of synthetic ammonia.—F undamental researches on the 
direct production of ammonia from atmospheric nitrogen laid the 
foundation for the domestic synthetic ammonia industry, which is now 
furnishing the greater portion of our requirement of fertilizer nitro- 
gen and which can be expanded to supply the entire requirement. 
Domestic facilities for manufacture of synthetic ammonia, installed 
and under construction, have a total capacity of approximately 1,600,- 
000 tons of nitrogen annually. 

Ammonium nitrate fertilizer—During World War II the Bureau 
played an important part in the development of nearly pure, solid am- 
monium nitrate (32.5 to 33.5 percent nitrogen) for general use as a 
fertilizer. Domestic consumption of this material now amounts to 
about 500,000 tons annually, and a very large quantity has been pro- 
duced for overseas shipment—chiefly to the military occupation areas. 

Furnace-made phosphoric acid.—Pioneering studies of the produc- 
tion of phosphoric acid by electric and blast-furnace processes re- 
sulted in successful commercial operation of these processes, both of 
which permit direct utilization of low-analysis phosphate rock. Most 
of the phosphoric acid consumed for food, technical, and industrial 
purposes is now produced by the electric-furnace process which also 
contributes annually about 200,000 tons of concentrated phosphates 
(45 to 60 percent P,O;) for fertilizer use. 

Defluorinated phosphate rock.—Basic research on the chemical con- 
stitution of phosphate rock and its reactions at high temperatures 
led to the commercial development of processes for direct production 
of low-fluorine phosphates suitable for use as fertilizer and as phos- 
phorus supplements in animal feeds. Some 40,000 tons of these prod- 
ucts are manufactured annually. 

Higher analysis fertilizer—Special] attention has been given to the 
numerous problems involved in the production of higher analysis 
fertilizers. This work has been an important factor in increasing 
the average plant-nutrient content of mixed fertilizers from 13.9 
percent in 1920 to the present figure of 22.6 percent, with annnal sav- 
ing to farmers of millions of dollars in bagging, transportation, and 
handling costs. With continued research and study it is expected 
that the average plant-nutrient content of mixed fertilizers will rise 
to about 30 percent in the next few years. 

Granulation of fertilizers.—Studies of the granulation of fertilizer 
materials and mixtures to facilitate their handling, storage, and dis- 
tribution in the field contributed in important degree to commercial 


production of such products that are now manufactured in large 
tonnages. 
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F. SOME ADDITIONAL WORK NEEDED 


Composition and properties of fertilizers in relation to growth of 
economic plants—There is need for exhaustive investigation of this 
subject. Such work is basic to the development of plant-food car- 
riers having higher efficiency and greater economy in use. Recent 
developments in the use of radioactive isotopes and techniques, which 
provide a means for quantitatively determining the uptake of applied 
nutrients by plants, is a very promising aid to the study of this 
problem. 

Development of new and improved types of fertilizer materials.— 
The present forms of commercial fertilizer materials have a number 
of disadvantages. For example, the low-cost nitrogen materials are 
readily soluble in water and are subject to large losses by leaching 
from the soil, while the phosphate fertilizers are held so tightly by 
the soil that crops can usually absorb only a small portion of the 
applied phosphate in a single growing season. Elimination of these 
disadvantages would gre: itly improve the effici iency of fertilizers and 

should result in large savings to the farmer. E fective prosecution 
of this work would require pilot-plant facilities. Such facilities are 
urgently needed also for the Bureau's current investigations, and the 
lack of them is ser iously hampering the progress of the research and 
is preventing much of it from being carried to a logical conclusion. 


The Bureau has had no facilities for pilot-plant investigations since 
the move to Beltsville in 1941. 


Tue INFLUENCE OF MINERAL DEFICIENCIES IN Sorts, INCLUDING Minor 
ELEMENTS ON Crop Yreups, Composrrion, AND NuTRITIVE VALUE, 
AND THetr Economic RELATIONSHIPS 


(BPISAE—BDI—BAE—RM : b-99—Federal-State—RMA Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To (1) develop basic information and methods that will increase 
the accuracy of plant-nutrient recommendations; (2) improve the 
efliciency of applied fertilizers for the economical production of high 
quality and nutritive field, horticultural, pasture, range, and forage 
crops; and (3) determine the adequacy of natural locally produced 
crops in providing the essential nutrients required by livestock for 
eflicient development, production, and reproduction. The current 
work is aimed at an improvement in our knowledge of the forms in 
which nutrient elements, particularly phosphorus, exist in the soils 
of the North Central and Western States and of the influence of soil 
properties on the release and transformation of phosphorus; at an 
improvement of the yield and quality of pasture and hay crops in the 
Northeast ; and at an evaluation of the economic and agronomic effects 
of different rates of phosphate fertilization on soils of the Western 
States. 


B. CURRENTLY ACTIVE LINE PROJECTS 


RM: b-99-1—Phosphate requirements for economic crop and live- 
stock production in the West. To establish a sound basis for evalu- 
ating the phosphorus deficiencies of soils of the Western States and 
to determine the value of various kinds of phosphorus fertilizer mate- 
rials when used on these soils. 
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RM: b-99-2—Phosphorus fertility status of soils in the North Cen- 
tral States as related to economic crop production. To evaluate the 
fertility status of soils in the North Central States, with particular 
emphasis on the contribution made by the organic fraction of the soil 
phosphorus and the interchange between organic and inorganic 
forms of phosphorus. 

RM: b-99-38—Mineral nutrient deficiencies in pasture soils of the 
northeastern region and the influence of fertilizers on yield and per- 
sistence of perennial legumes in grasslands. To improve the ese 
and quality of pasture and hi ay crops in the northeastern region by : 
study of the mineral nutrient status of soils used in forage predation 
and of the plant food requirements of the several pasture crops alone 
and in canibies ation, 

RM: b-99-4— (Cooperative with BAE) Agronomic analysis of crop 
responses in phosphorus fertilizer experiments in the Western States. 
A survey of existing published and unpublished data on crop response 
for both cultivated and pasture crops to phosphorus applied at dif- 
ferent rates on soils with various levels of available phosphorus. This 
is a preliminary step to the establishment of field experiments designed 
to determine the residual effect of various phosphate sources under 

crop rotations that are practical in the Western States. 

RM : b-99-—5—Economic analysis of crop response in phosphorus fer- 
tilizer experiments in Western States. To determine the benefits from 
different rates of application of phosphorus in Western States. 

RM: b-99-6—(BDI) The comparative nutritional value of crops 
grown on highly fertilized land and on poorly fertilized land, as indi- 
cated by their effects on growth, reproduction, and lactation in dairy 
cattle. To study the comparative value of forages and grains pro- 
duced on adjacent plots on similar soil types under conditions of high 
fertility and of low fertility, by determining the effects of rations 
composed of the same feeds on growth, he: lth, re produce tion, and milk 
production of dairy cattle. A 4- -year crop rotation using corn, wheat, 
and alfalfa is used. 


C. HISTORY AND EVOLUTION OF THIS WORK 


In 1947 work involving phosphorus deficiencies was initiated in the 
Western States at Fort Collins, Colo., and in the North Central States 
at Ames, lowa. A third project was begun in the northeastern region 
at State College, Pa., to study the effect of mineral nutrient deficien- 
cies on the persistence, yield, and quality of forages. In 1948 a Re- 
search and Marketing Act project entitled “Economic and Agronomic 
Analysis of Crop Response in Phosphorus Fertilizer Experiments i in 
the Western States” was initiated; subsequently, this project was 
combined with RM: 99 because of the similarity in the broad objec- 
tives of the two projects. In 1949 the portion of this project described 
under RM : b-99-6 was started. This very important segment of the 
project has for its objective the evaluation of the effect of high levels 
of application of mineral nutrients to soil on the nutritive value of 
feed produced and utilized by dairy cattle. 

For years the drain of mineral nutrients from the Nation’s soil by 
leaching, crop removal, and erosion has exceeded additions from ail 
sources. Nutrient deficiencies of plants and animals are increasingly 
prev alent in extensive and widely distributed areas. These deficien- 
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cies include phosphorus, calcium, potassium, magnesium, and minor 
elements. The nutrient requirements of crops have been increased by 
the introduction of improved varieties of high-yielding, disease- 
resistant crops. The quality and feeding of individual field, sture, 
and range crops are affected significantly by the fertility eal a the 
soils on which they are grown. It is becoming increasingly important 
for us to replace the mineral nutrients that are removed by leaching 
and by cropping, and that we have basic information on the effect of 


depleted nutrient supplies on the quality of food and feed produced 
for man and beast. 


D. FUNDS--ANNUAL EXPENDITURES 


For the fiscal year 1948 funds available for initiating this project 
were $51,600 to the Bureau of Plant Industry, Soils, and Agricultural 
Engineering. For 1949 this Bureau had $55,200, plus a joint allot- 
ment with the Bureau of Agricultural Economics of $10,000, making 
a total allotment of $65,200. In 1950 the total allotment to this work 
project was approximately $97,900, divided as follows: BAE, $11,000; 
BDI, $19,200; BPISAE, $67,700. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Field experiments with fertilizer containing radiophosphorus.— 
The effect of source of phosphorus, placement rate, and time of appli- 
cation on phosphorus utilization by sugar beets, alfalfa, barley, and 
potatoes was studied in Arizona, Colorado, and Idaho. Calcium 
metaphosphate was less available than superphosphate in the early 


stages of growth, but equal thereafter. Amonium phosphate and 
superphosphate were equally available. Liquid phosphoric acid ap- 
plied June 29 was about equal to treble superphosphate applied May 2 
but superior to treble superphosphate applied June 29. Phosphoric 
acid applied in the irrigation water moved downward at least 12 
inches, although 85 percent of the total was found in the top 4 inches 
of soil. ; 

Methods perfected for measurements of the surface phosphate ions 
of calcareous soils.—It appears there is a relationship between surface 
phosphates of soil and the amounts extracted by various reagents. 
With carbonic acid extraction—which currently is the best method of 
determining available phosphorus in western soils—it has been found 
that the greater the lime content of the soil the more difficult it is 
to extract the phosphorus, thus pointing to lower phosphorus avail- 
ability to crops and a probable need for higher phosphorus ferti- 
lization. 

Investigations using radio phosphorus to trace fertilizer uptake. — 
Thirteen different crops show that the actual amount of phos- 
phorus used by plants is relatively low, but there is wide variation 
in the utilization. Potatoes depend heavily on the fertilizer through- 
out the growing season. Corn absorbs a high proportion early in the 
growing period. The type of root system appears to make the dif- 
ference. Placement studies are showing methods of increasing the 
efficiency of applied phosphorus. Sugar beets fertilized with a band 4 
inches to the side and 4 inches below seed level did not use the phos- 
phorus until the plants were 5 inches high, but those treated with 
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fertilizer mixed in the seed row 4 inches wide and 4 inches deep used 
the fertilizer from the beginning of growth. Superphosphate and 
calcium metaphosphate were found to be the most eflicient of those 
tested. Sometimes alpha tricalcium and dicalcium phosphate match 
them, but in other tests they lag far behind. 


F. SOME ADDITIONAL WORK NEEDED 


Minor element effects—There is need for additional research in this 
project to carry out that portion of its scope dealing with the effect of 
minor elements on the yield and nutritive value of food and feeds. 
Our knowledge of the areas in which minor elements are deficient and 
our understanding of the function that they play in plant growth 
make it impossible to give proper recommendations for the correction 
of troubles caused by these deficiencies. Many claims are made for the 
high nutritive value of foods containing a proper balance of minor 
elements such as iron, copper, cobalt, manganese, iodine, and zinc. 
There is insuflicient evidence to make a proper evaluation of the rea- 
sonable claims or a refutation of the many unreasonable statements 
that question the value of food that is produced under conditions in 
which these elements are limiting. 

Nutritive value of feeds produced at high and low levels of fertility 
to animals other than dairy cattle——Work to compare the nutritive 
value for dairy cattle of feed produced at high and low levels of fer- 
tility should be expanded to include nonruminants, since their physi- 
ology is quite different from that of the dairy cow. 

The comparative nutritional value of crops grown on highly fer- 
tilized land and on poorly fertilized land as indicated by their effects 
on growth, reproduction, and lactation in dairy cattle —These studies 
need to be expanded to include experiments on other soil types than 
those now being investigated. 

Answers to the questions of most profitable rates of application of 
fertilizers —Individual farms and entire producing areas require a 
new joint economic-agronomic study designed to give results suitable 
for economic interpretation. The most profitable rate is determined 
not only by fertilizer cost-crop price relationships, but also by the 
additional yield obtained with each added amount of fertilizer applied 
over a wide range of rates. 


Tue IMPROVEMENT oF Som, MANAGEMENT AND Crop Propucrion 
Turoucu INVESTIGATION Wiru IsororeEs 


(BPISAE—AEC-O-1—Federal-State—AEC Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


To develop the use of various radioactive isotopes as tools in soil 
and plant research. The radioactive isotope of phosphorus has been 
developed to the point of extensive use in soil and fertilizer research 
in more than 20 States, It is the principal objective of this project 
to develop other radioactive plant-nutrient elements to the point of 
profitable use as agricultural research tools. In order to accomplish 
this, fundamental research must be done on the reactions and move- 
ment of nutrient elements in soils; their absorption, translocation, 
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and function in plants; the level of radioactivity that is injurious 
to plants; and the health hazards involved in the use of radioactive 
materials, 


‘B. CURRENTLY ACTIVE LINE PROJECTS 


AEC-O-1-1—Methods and uses for radioisotopes in problems re- 
lating to soil and fertilizers. To improve and extend the use of radio- 
active phosphorus and to develop uses for radioactive calcium, sulfur, 
zinc, and other nutrient elements. 

AEC-O-1-2—Application of radioisotopes to chlorosis. To estab- 
lish through the use of radioisotopes the function of elements that 
cause chlorosis (yellowing) in plants when deficient and to establish 
the cause of chlorosis in terms of internal characteristics of plants. 

AEC-O-1-3—Labeling fertilizers with P**-containing compounds. 
To produce and deliver to this project and to cooperators in State 
experiment stations fertilizers, liming materials, and soil amendments 
tagged with radioactive isotopes. 

AEC-O-1-4—Mechanisms and functions of ion absorption by 
plants. To develop experimental methods for use of radioactive iso- 
topes in research on ion absorption by plant roots, with emphasis 
on the uptake of potassium, rubidium, and phosphate ions in relation 
to the utilization of intermediates of carbohydrate metabolism and 
metabilic inhibitors. 

AEC-O-1-5—Investigations in soil chemistry using isotopes. To 
establish the chemical behavior of zinc in soils, the fundamental 
mechanisms of phosphate fixation, and the mechanism by which 
potassium is fixed and released in soils. 

AEC-O-1-6—Effects of translocated radioactive elements on plant 
growth. To measure the effects of radioactive materials on plant 
growth at levels required for greenhouse and field experiments, to 
establish the levels at which injurious effects are obtained, and to 
establish the nature of radioactive injury to plants. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The completion of the chain-reacting pile at Oak Ridge made it 
possible to produce radioactive isotopes of many elements in quan- 
tities adequate for field experiments. Prior to that time limited 
quantities, suitable for laboratory-scale work only, were available. 
The use of the radioactive-tracer technique gave promise of being a 
powerful tool that would greatly accelerate and add precision to our 
evaluation of various materials that are used or that have potential 
value as fertilizers. It also gave promise of solution of problems that 
could not be solved by previously available methods. In order to 
use this new technique it is necessary that basic research be done on 
the behavior of these radioactive isotopes in soils and plants, the 
hazards that are involved in using them, the injury that they may 
cause to plants, and the applicability of the techniques to important 
problems of soil-plant relationships. It was also necessary to provide 
a national facility for the manufacture and distribution to research 
agencies of radioactive fertilizers and soil amendments. In order 
to carry out these objectives and make this tool available for general! 
use, this project was established with Atomic Energy Commission’s 
support in December 1948. 
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D. FUNDS-—-ANNUAL EXPENDITURES 







Funds were made available in December 1948 to support this work 
at the rate of $200,000 per year. In addition, a facility consisting of 
a greenhouse and laboratories has been provided by the Commission ji 
at. Beltsville. The expenditure for this work in 1950 was approxi- fi 
mately $200,000. bi 







E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 
















Introduction of tagged phosphate fertilizers —During the crop sea- 
sons of 1949 and 1950 this project produced and distributed to more 
than 20 State agricultural experiment stations fertilizer tagged 
with the radioactive isotope of phosphorus. More than 10 different 
kinds of materials were produced during the 1950 crop season. Their 
use is rapidly advancing our knowledge of the relative value of dif- 
ferent phosphate materials on different soils, the influence of fertilizer 
placement, and differences in the utilization of fertilizers by crops. 

Contamination in irradiation units.—W orking in conjunction with 
personnel at Oak Ridge, conditions have been determined for the 
production of potassium dihydrogen phosphate free from contami- 
nation. This is the material used in preparing most of the tagged 
phosphate fertilizers. Most of these lines of work are just getting 
under way and hence cannot report substantial accomplishments at 
this time. 

Injury to plants by P*.—Extensive studies have been carried out 
to determine what level of radioactive isotopes may safely be used in 
plant nutrition experiments. The results have shown that, while 
high concentrations of radioactive phosphorus can injure plants, the 
concentrations necessary to cause injury are several times greater 
than those normally used in greenhouse and field experiments. 


















F. SOME ADDITIONAL WORK NEEDED 






Since the objective of this project is limited to development of tech- 
niques and basic information and to the production of tagged ferti- 
lizers there is need for additional research that will make use of the 
information developed in this project to improve fertilizer practices 
by the farmer and to carry the radioactive-tracer technique to other 
phases of the plant and soil research program. 








INVESTIGATION, CLASSIFICATION, AND MappiNc oF Sorts IN THE FIELD 


(BPISAE—d—4-1—F ederal-State—Regular Funds) 






A. PURPOSE AND NATURE OF CURRENT WORK 









To prepare and publish soil maps and interpretive maps and reports 
that will provide an accurate, scientific, and systematic basis for plan- 
ning and interpreting soil and plant research, for extending the re- 
sults of research and farm experience to individual farms and com- 
munities, for making farm adjustments to achieve effective and eco- 
nomical production consistent with soil improvement and conserva- 
tion, and for rural land classification and settlement. 
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B. CURRENTLY ACTIVE LINE PROJECTS 


d-4—1-1—Detailed and reconnaissance soil mapping. To show on 
maps in proper detail and accuracy the distribution and extent of the 
soils of the United States. Mapping scales vary with the soil pattern 
and with the objectives of individual surveys. 

d-4-1-2—Development of productivity ratings. To develop for 
each soil type and phase accurate predictions of yields for each 
adapted crop under defined management practices. 

d—4—1-10—Editing soil survey reports. To organize soil survey re- 
ports for publication in clear, readable, and useful form. The manu- 
script prepared by the author (usually the party chief) and reviewed 
for accuracy and adequacy of soil description and data by the soil 
correlator, in charge, is edited with the above objectives in mind. 

d—4-1-11—Study of methods of presenting new soil survey infor- 
mation and reinterpretation of older maps. To develop and evaluate 
more effective means of presenting soil survey information, both on 
maps and in text, both for new surveys and for older surveys. Various 
types of reports and maps with emphasis on visual aids and simpli- 
fied writing are being tested by several types of people who use and 
read soil survey maps and reports. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Soil surveys were initiated by the Department of ge eat ct in 
1899 in response to demands that something be done about lowered 
productivity that was becoming prevalent in certain irrigated or- 
chards and tobacco-producing districts. Soil texture, color, and the 
source of materials were given primary consideration in the mapping 
and classification during the early years. Since that time additional 
characteristics, such as structure and degree of acidity, have come to 
be recognized as important, with the result that in general a greater 
number of soils are mapped per unit area. The introduction of the 
aerial photograph increased the accuracy of plotting soil boundaries 
and also encouraged greater detail. Another important development 
of recent years has been the inclusion of productivity ratings or yield 
predictions in the soil survey reports for each soil type and phase for 
each of the adapted crops according to specified management prac- 
tices. 


D. FUNDS—-ANNUAL EXPENDITURES 


In 1899 a total of $16,300 was appropriated for soil surveys, and 
apparently covered all activities—field mapping, inspection and cor- 
relation, and cartography. By 1909 the appropriation was $154,000, 
and in 1919 it was $216,300. Funds for field mapping (including those 
for cartographic work), were $253,000 in 1929. In 1937 the field map- 
ping budget was $211,000, and in 1949 it was $254,000. The budget 
for fiscal year 1950 for this work project was increased to approxi- 
mately $423,000 in order to provide for the initiation of detailed sur- 
veys in the Missouri River Basin. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The mapping of soils throughout the United States —A tremendous 
amount of fundamental scientific work over the years has gone into 
this project. It has involved the excavation, identification, descrip- 
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tion, and location of thousands of soil profiles. Soil survey maps and 
reports for 1,589 areas, covering about 650,000,000 acres, had been pub- 
lished by the end of fiscal year 1949. These contain information about 
the properties, behavior, and use capabilities of soils used by thousands 
of citizens and many public agencies in solving problems where an 
understanding of soils is needed. 

Crop yields and soil productivity ratings—Estimates of average 
crop yields for each soil type under specified management practices 
have proved valuable to farmers and their advisers in choosing man- 
agement systems for particular soils and selecting soils for particular 
crops. These predictions have greatly increased the usefulness of the 
soil map and report in farm planning for the best use and manage- 
ment of individual fields and farms. 

Soil maps used for assessment and taxation of rural lands.—Soil 
maps have been used successfully in the assessment of rural lands in 
a number of communities. More equitable taxation, saving of the 
assessor’s time, increased revenues, and general satisfaction are major 
reasons for local endorsement. 

Soil maps used to guide increased production of war-essential 
crops.—Soil maps were useful in planning the increased production 
of war-essential crops and in selecting lands suitable for new crops, 
such as hemp and guayule. One State reported that where soil maps 
were used to relate the results of agricultural research and farm ex- 
perience, production increased 32 percent as compared to 10 percent 
for all farms. 


F. SOME ADDITIONAL WORK NEEDED 


Completion of the national cooperative soil survey.—There is need 
to complete the soil survey of the United States so that the findings of 
ugricultural research and farm experience can be applied effectively 
on individual farms and fields and in all parts of the country, so that 
better predictions of the effect of various management practices on 
crop yields and soil productivity can be made in all sections. 

Crop yield data in terms of management practices and soil types.— 
Additional crop yield data for specified management practices and 
by defined soil types is needed if full advantage is to be made of soil 
classification and soil maps in making predictions to farmers regard- 
ing the results to be expected from using specified practices. 

Methods of the presentation of new soul survey apne and the 
reinterpretation of older soil maps.—There is need for the develop- 
ment of more effective methods or means for presenting soil survey 
information, both for new surveys and for older surveys. This applies 
to both maps and reports. Much fundamental soil information is 
carried by the older and more generalized soil maps and reports, but 
it must be interpreted in terms of the findings of more recent research 
if full benefit is to be obtained from this earlier work. 


Freitp Inspection or Som Surveys AND CoRRELATION OF Som TyYPEs 
AND SERIES 


(BPISAE—d-4-2—Federal-State—Regular Funds) 
A. PURPOSE AND NATURE OF CURRENT WORK 


_ To (1) develop and maintain a uniform system of soil classification 
in the United States; consistent with the current understanding in 


ee 
. A 
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soil science of soil characteristics, soil formation, and responses of soil 
to management; and (2) review field mapping in progressive surveys 

that record soil types, phases, and related land features. The review 
of field mapping is designed to insure sound classification of soils 
and related features, to obtain adequate standards of accuracy of maps 
for the many purposes of the surveys, and to see that the survey con- 
tributes to national cooperative basic soil survey of the country. 


B. CURRENTLY ACTIVE LINE PROJECTS 


d—4-2-1—General inspection and correlation of soils. To develop 
and maintain a uniform system of soil classification and inspection 
throughout the United States. This project is responsible for the 
principles of classification and gives final approval to correlations ot 
soil types and phases, to soil nomenclature, and to soil definitions pre- 
pared by workers in the field offices. 

d—4-2-2— Inspection and correlation of soils, Northern States. To 
review all progressive soil surveys of the Department or cooperative 
with the Department in the Northern States; to correlate, name, and 
define the individual soil types and phases; and to interpret them in 
terms of land use, soil management experience, and the findings of 
relevant agricultural research. 

d—4+-2—3— Inspection and correlation of soils, Southern States. To 
review all progressive soil surveys of the Department or cooperative 
with the Department in the Southern States; to correlate, name, and 
define the individual soil types and phases; and to interpret them in 
terms of land use, soil-management experience, and the findings of 
relevant agricultural research. 

dt: 2-4—Inspection and correlation of soils, Great Plains States. 
To review all progressive soil surveys of the Department or coopera 
tive with the Department in the Great Plains States; to correlate, 
name, and define the individual soil types and phases; and to inter- 
pret them in terms of land use, soil-management experience, and the 
findings of relevant agricultural research. 

d-4-2- 5—Inspection and correlation of soils, far Western eats. 
To review all progressive soil surveys of the Department or coopera 
tive with the Department in the far Western States; to correlate, name, 
and define the individual soil types and phases; and to interpret them 
in terms of land use, soil-management experience, and the findings of 
relevant agricultural research. 

d—4—2-6—Generalized soil map for agricultural program planning. 
‘To prepare a generalized soil map of the United States with an appro- 
priate text from present soil survey and other soil data so that esti- 
mates of the proportion of soil adapted to various crops and uses 
can be made. 

d4—2-10—Classification and correlation of soils developed or de- 
rived from glacial drift occurring within the region of zonal Prairie 
soils. To investigate the mor phologic al, physic al, and chemical char- 
acter of the principal soils of this region, in order that the definition 
and mapping of the soil units will be more useful to agricultural re- 
search and action programs. It is necessary to revise the broad defini- 
tions of old established soil series, such as the Carrington, Webster, 


and Wabash. 
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d-4-2-13—The development of the claypans and hardpans in soils. 
To characterize various types of pans, to correlate them with the con- 
ditions under which they were formed, and to ascertain the causes and 
modes of pan formation. 

d—4—2-14—Classification and correlation of the Boswell, Ruston, 
Leaf, Cahaba, and related soils occurring within the Coastal Plain of 
Texas, Louisiana, Mississippi, Alabama, and Georgia. To investi- 
gate the morphological, physical, and chemical properties of these 
soils in order to define and characterize them more specifically than 
has been done perry Such definition is essential to correct soil 
mapping and interpretation of the mapping units, especially across 
a region where climatic forces change gradually. 

d—4-2-15—Classification and correlation of the Bosket, Dubbs, 
tekdee. Marks, Minter, Sharkey, Anguille, and related series in the 
flood plain of the Mississippi River. To investigate the morpholog- 
ical, physical, and chemical properties of these soils in order to define 
the individual series more precisely, to correlate the various kinds of 
soils over the entire area of the Mississippi Delta, and to classify these 
soils in relation to others in the country. With increased soil-survey 
programs in the area, it is essential that soil types be defined properly 
as a basis for recording crop yields and management practices. 

d—4-2-16—Classification and correlation of the Memphis, Loring, 
Grenada, Lexington, Providence, and related series in Kentucky, Ten- 
nessee, and Mississippi. ‘To investigate the morphological, physical, 
chemical, and mineralogical properties of the soils and to relate such 
properties to the distribution of loess and to climatic factors. The 
information is also basic to the classification and correlation of the 


soils into types and series. This project has been extended to include 
soils of southern Illinois and Indiana. 


C. HISTORY AND EVOLUTION OF THIS WORK 


The review or inspection of soil surveys and the correlation of soil 
types was early recognized as an integral part of soil-survey work, 
and a correlation and inspection committee or staff has been maintained 
continuously under that name since 1910. The primary purpose 
throughout the years has been to see that the same names are given 
to the same soils and different names to different soils. Improv e- 
ments in techniques of mapping, such as the use of the aerial photo- 
graph, and in the observance and determination of individual soil 
characteristics, such as the use of field kits for acidity, have resulted 
in changes of concepts regarding the definition and essential char- 
acter of the individual soils shown on soil maps. Through research 
and farm experience much has been learned regarding the management 
requirements and responses of specific soils and the significance of in- 
dividual properties. All of this has led to increased detail in the 
definition of soil types and in the mapping of soils. Soil maps, form- 
erly showing 5 to 10 mapping units on a scale of 1 inch equals 1 mile, 
now show 75 to 100 or more units on a scale of 4 inches equals a mile. 
Greater emphasis is thus being placed on the accuracy of the soil 
boundary, of the soil definition, and of the interpretation made re- 
garding use and management. 
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D. FUNDS—-ANNUAL EXPENDITURES 


The amount of money available for field inspection and correlation 
was relatively small in the early years and restricted largely to the 
payment of salaries of four or five men. Little was spent on investi- 
gations in the field aside from infrequent visits to survey areas. With 
the increased detail and accuracy required in soil mapping together 
with the more detailed definitions of mapping units, the demands for 
inspection and correlation increased. By 1937, the annual budget for 
this project was approximately $32,000. The recognition of the need 
to place the responsibility for the inspection and correlation of all 
Department iat State cooperative progressive soil surveys in one 
authority resulted in an increased Tiilget and the 1950 allotment was 
approximately $252,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


The development of a scheme of classification of soils into series, 
types, and phases and nomenclature that is uniform throughout the 
tr Pater” is an outstanding accomplishment of extreme im- 
portance for all agricultural research, and particularly that dealing 
most directly with soils and crops, because it provides a means where- 
by the results of research and of farm experience can be reported and 
applied efficiently to individual fields and farms. Without such a 
system, there is no way of knowing, without direct experimentation, 
whether the results gained on a given plot or field can be used else- 
where. 

The development of standards for the definition and nomenclature 


of soil colors, and for classes of soil texture, soil structure, and soil 
consistency were important segments of this job. In addition, descrip- 
tions of some 4,000 to 5,000 individual soil series have been prepared. 

Review of soil mapping (inspection) and correlation ot soil survey 


areas.—A tremendous amount of fundamental and scientific work over 
the years has been performed under this item. Included are field 
investigations of soil types and phases, the preparation of soil map- 
ping legends, and the review of the soil mapping for each of the 
1,589 areas having published soil survey maps and reports. In addi- 
tion, similar work has been performed for the mapping in more than 
1,000 soil conservation districts and for other cit naeeine projects, 
such as experimental fields and forests. 

Interpretation of soil maps for specific objectives—Members of the 
correlation and inspection staff have contributed heavily over the 
years to the interpretation of soil maps for specific purposes, such as 
the relative suitability of specified areas for the production of indi- 
vidual crops. Examples include the selection of areas for increasing 
the acreage of food crops, for the introduction of new crops, such as 
hemp and guayule, and for planting shelter belts. 


F. SOME ADDITIONAL WORK NEEDED 


Characterization of individual soil types-—More complete char- 
acterization of recognized soil types is needed, particularly of their 
»hysical, chemical, and mineralogical properties, in order to evaluate 

etter the relationships among them in respect to their classification 


bee lee eee leet 
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and their productivity under specified management practices. This 
will require a large number of laboratory determinations. 

Completion of soil keys and soil series descriptions.—It is important 
that soil keys and series descriptions be completed and made more 
generally available to those who have occasion to apply the findings of 
soil and crop research to specific soil areas. This material should 
prove to be particularly valuable to the Extension Service. 

Classification of soil series into families, great soil groups, suborders 
and orders —Despite the great progress in soil classification, particu- 
larly at the series level, there is need to complete the scheme of soil 
classification and group the several thousand series into families, great 
soil groups, suborders, and orders so as to facilitate their use and un- 


derstanding for those purposes where the detailed classifications are 
less significant. 


ApsgusTING, ConsTRUCTING, AND Drarrina Som, Mars anp Cuarrs 
FOR REPRODUCTION 
(BPISAE—d-4-3—Federal-State—Regular Funds) 


A. PURPOSE AND NATURE OF CURRENT WORK 


To construct and publish soil maps of the desired accuracy and 
design to meet the requirements of modern agriculture. These maps 
are usually published in county units. Each county map consists of 
one or more sheets on which culture, soil boundaries, and soil symbols 
are shown in black; drainage features in blue; and the soil areas in 
selected colored tints. The necessary legends for reading the maps 


are also included. 


B. CURRENTLY ACTIVE LINE PROJECT 


d4-—3-1—Adjusting, constructing, and drafting soil maps and 
charts for reproduction. The soil maps on which the soil boundaries 
have been plotted in the field by soil scientists are redrawn on to base 
maps that foes been constructed and properly adjusted for the earth’s 
curvature, preparatory to submittal for printing. This project sup- 
plies the field parties with basic map data, such as aerial photographs, 
aerial mosaics, and other reference material; recommends the proper 
photogrammetric and cartographic techniques to be followed in the 


field; and prepares the necessary charts and illustrations to accompany 
publications. 


C. HISTORY AND EVOLUTION OF THIS WORK 


Soil maps have been published by the Department of Agriculture 
since 1900. Until about 1935 nearly all the county soil survey maps 
were published on single sheets on a scale of 1 inch equals 1 mile. 
During recent years demands for detailed soil survey information 
together with refinements in the definition of the soil-classificational 
units and the improved accuracy of field location resulting from the 
use of the aerial photograph, resulted in the publication of soil maps 
on larger scales ranging from 2 inches equals 1 mile to 3.5 or 4 inches 
equals 1 mile. This increased scale and detail of the maps has in- 
creased greatly the amount of work in preparing a map for publica- 
tion. For example, a check on old and recent maps of comparable 
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areas shows that the linear measurement of soil boundaries had in- 
creased 16 times, of drainage 8.2 times, of roads 1.8 times, and of 
buildings 0.6 times. 


D. FUNDS--ANNUAL EXPENDITURES 


In the early years the money for drafting soil maps was included in 
the regular budget covering all phases of soil survey work. Records 
show that in 1937 almost $52.000 was allocated to the drafting work. 
This amount continued at about this level until 1947 when the appro- 
priation increased to $213,000. The budget for 1950 was approxi- 
mately $243,000. 


E. EXAMPLES OF OUTSTANDING ACCOMPLISHMENTS 


Preparation of soil maps for publication.—A tremendous amount of 
work has been performed over the years by the cartographic unit. By 
the end of fiscal year 1950, 1,589 soil maps had been published by the 
Department. These soil maps have gained an enviable reputation 
for accuracy and neatness throughout the country. In addition, 
charts, tables, and graphs had been prepared for inclusion with the 
soil survey reports and other publications of the Division of Soil 
Survey. 

Revision of procedures and techniques——Over the years, the tech- 
niques and procedures of other mapping agencies and of commercial] 
firms have been studied caretully and many have been adopted. In 
addition, new techniques and procedures have been developed within 
the group. Substantial improvements in constructing and publishing 
soil maps have been made during the course of the program. 


F. SOME ADDITIONAL WORK NEEDED 


Improved techniques in cartography and methods of reproduction 
of maps and charts.—There is need to continue the research on meth- 
ods of improved cartography and photogrammetry. Rapid advances 
and new discoveries in these fields make it imperative that this work 
project be alert to the possibilities for further improvement of current 
techniques and procedures. 
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For additional information on subjects reported on in this chapter, 
see also: 


BPISAE—a-—4+4, Chapter 8, soil-improving legumes. 

BPISAE—RM : b-57—Chapter 31, effect of herbicides on soil. 

BEPQ, BAI, BDI, BPISAE, BAIC—RM: b-72, Chapter 31, effects of insecticides. 

BPISAE—b-12-1, Chapter 31, nematode studies. 

OES—b-1-10, Chapter 38, plant introduction for soil improvement crops in 
Puerto Rico. 

BPISAE—e-1-3, Chapter 30, tillage machinery. 

BPISAE—e-1-2, Chapter 30, fertilizer distributing machinery. 

FCA—RM: c-—548, Chapter 19, fertilizer transportation costs. 

BPISAE—RM: b-57, Chapter 31, aquatic weed control. 

SCS—R-1-8, Chapter 24, economic evaluation of conservation practices on indi 
vidual farms. 

BAE—RM: b-523, Chapter 24, economics of soil conservation. 





BAE 


BAE, 


BAE 
BAE 


FCA- 


BAE 
BAE 


use 


SOILS, WATER, AND FERTILIZERS 


-~a—1-20, Chapter 24, soil angi water problems in farm production. 
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